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[Experimental study on effect of gastrodia in inducing the differentiation of 
mesenchymal stem cells into neuron-like cells] 

Zhongguo Zhong Xi Yi Jie He Za Zhi. 2004 Jan;24(l):51-4 Chinese. 
PMID: 14976891 [PubMed - in process] 



□ 2: MMpv.AY a .Barone.TA 1 .Plun 



Related Articles, Links 



Neural stem cell detection, characterization, and age-related changes in the 
subventricular zone of mice. 

J Neurosci. 2004 Feb 18;24(7): 1726-33. 
PMID: 14973255 [PubMed - in process] 

"1 3. Wang_YHj[^u _Y^ Related Articles, Links 

Zou YX Chen YZ. 
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In vitro culture and induced differentiation of adult rat neural stem cells 
from the corpus striatum. 

Di Yi Jun Yi Da Xue Xue Bao. 2004 Feb;24(2): 192-4. 
PMID: 14965825 [PubMed - in process] 

Shiras A, Bhosale A, Shepal V, Shukla R, Baburao VS. Prabhakara Related Articles, Links 
K, Shastry P. 

A unique model system for tumor progression in GBM comprising two 
developed human neuro-epithelial cell lines with differential transforming 
potential and coexpressing neuronal and glial markers. 

Neoplasia. 2003 Nov-Dec;5(6):520-32. 
PMID: 14965445 [PubMed - in process] 

f*1 g. Kucia M^Ratajczak J 9 Reca R. Janowska-Wieczorek A, Ratajczak Related Ar-icle^ Links 
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Tissue-specific muscle, neural and liver stem/progenitor cells reside in the 
bone marrow, respond to an SDF-1 gradient and are mobilized into 
peripheral blood during stress and tissue injury. 

Blood Cells Mol Dis. 2004 Jan-Feb;32(l):52-7. 
PMID: 14757413 [PubMed - in process] 

6: Jang YK, Park JJ, Lee MC. Yoon BK Yang YS. Yang SB, Kim SU. Related Articles, Links 

Retinoic acid-mediated induction of neurons and glial cells from human 
umbilical cord-derived hematopoietic stem cells. 

J Neurosci Res. 2004 Feb 15;75(4):573-84. 
PMID: 14743441 [PubMed - in process] 



□ 7: Ji JF. He BP. Dheen ST. Tav SS. 



Related Articles, Links 



Expression of chemokine receptors CXCR4, CCR2, CCR5 and CX3CR1 in 
neural progenitor cells isolated from the subventricular zone of the adult rat 
brain. 

Neurosci Lett. 2004 Jan 30;355(3):236-40. 
PMID: 14732474 [PubMed - in process] 
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□ 8: Mi£none.JL A Kukekov.V Related Articles, Links 

jg| Neural stem and progenitor cells in nestin-GFP transgenic mice. 

l_l J Comp Neurol. 2004 Feb 9;469(3):311-24. 
PMID: 14730584 [PubMed - in process] 

D 9: Zhang R Wang JZ. Sun HY, Zhang XR Yang SY. Related Articles, Links 



jUl The effects of GM1 and bFGF synergistically inducing adult rat bone 
1—1 marrow stromal cells to form neural progenitor cells and their 
differentiation. 

Chin J Traumatol. 2004 Feb;7(l):3-6. 
PMID: 14728810 [PubMed - in process] 

f] iq : Shi.YJ2hich^ Related Articles, Links 

Gage FIL Evans RM. 

m\ Expression and function of orphan nuclear receptor TLX in adult neural 
1—1 stem cells. 

Nature. 2004 Jan l;427(6969):78-83. 

PMID: 14702088 [PubMed - indexed for MEDLINE] 

O 11: Calza L, Fernandez M. Giuliani A, Pirondi S, D'Intino G. Related Articles, Links 

Manservigi M, De Sordi N., Giardino L. 

fm Stem cells and nervous tissue repair: from in vitro to in vivo. 

lid Prog Brain Res. 2004;146:75-91. 

PMID: 14699957 [PubMed - indexed for MEDLINE] 

fj 12: Schumm MA„ Castellanos DA. Fry del BR, Sagen J. Related Articles, Links 

gi Improved neural progenitor cell survival when cografted with chromaffin 
1—1 cells in the rat striatum. 

Exp Neurol. 2004 Jan;185(l):133-42. 

PMID: 14697324 [PubMed - indexed for MEDLINE] 

□ 13: Scemes E, Duval R Meda P, Related Articles, Links 

fgi Reduced expression of P2Y1 receptors in connexin43-null mice alters 
1—1 calcium signaling and migration of neural progenitor cells. 

JNeurosci. 2003 Dec 10;23(36): 11444-52. Erratum in: J Neurosci. 2004 Jan7;24(l):302. 
PMID: 14673009 [PubMed - indexed for MEDLINE] 

O 14; Ben-Hur T. Ben-Menachetn CX Furer V. Einstein 0. Mizrachi-Kol Related Articles, Links 
R^.Griggnaj^sN, 

jgi Effects of proinflammatory cytokines on the growth, fate, and motility of 
1—1 multipotential neural precursor cells. 

Mol Cell Neurosci. 2003 Nov;24(3):623-31. 
PMID: 14664813 [PubMed - in process] 

□ 15: Schwartz PR Bryant PJ, Fuja TJ, Su H. O'Dowd DK. Klassen H. Related Articles, Links 

jgj Isolation and characterization of neural progenitor cells from post-mortem 
1^1 human cortex. 

J Neurosci Res. 2003 Dec 15;74(6):838-51. 

PMID: 14648588 [PubMed - indexed for MEDLINE] 

fj Erizmann V, Howard RM, Yaroauchi Y, Whittemorc SR. Kaplan Related Articles Unks 
HI 

jpi Enhanced induction of RPE lineage markers in pluripotent neural stem 
1-J cells engrafted into the adult rat subretinal space. 

Invest Ophthalmol Vis Sci. 2003 Dec;44(12):5417-22. 
PMID: 14638746 [PubMed - indexed for MEDLINE] 
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Aberrant maturation of astrocytes in thyroid hormone receptor alpha 1 
knockout mice reveals an interplay between thyroid hormone receptor 
isoforms. 

Endocrinology. 2004 Mar; 145(3): 1386-91. Epub 2003 Nov 20. 
PMID: 14630717 [PubMed - in process] 



□ 18: Yang P. Hernandez MR. 



Related Articles, Links 



Purification of astrocytes from adult human optic nerve heads by 
immunopanning. 

Brain Res Brain Res Protoc. 2003 Oct;12(2):67-76. 
PMID: 14613807 [PubMed - indexed for MEDLINE] 



j 19: Kim PR Heo SD. Ahn MX Sim KB. Shin TK. 



Related Articles, Links 



Activation of embryonic intermediate filaments contributes to glial scar 
formation after spinal cord injury in rats. 

J Vet Sci. 2003 Aug;4(2): 109-12. 

PMID: 146 1 036 1 [PubMed - indexed for MEDLINE] 



□ 20: Walder S. Zhang K Ferretti P. 



Related Articles, Links 



□ 21: 



Up-regulation of neural stem cell markers suggests the occurrence of 
dedifferentiation in regenerating spinal cord. 

Dev Genes Evol. 2003 Dec;213(12):625-30. Epub 2003 Nov 08. 
PMID: 14608505 [PubMed - in process] 

Rataiczak ML. Kucia M. Reca R. Maika M. Janowska-Wieczorek Related Articles, Unks 
A, Ratajczak J. 

Stem cell plasticity revisited: CXCR4-positive cells expressing mRNA for 
early muscle, liver and neural cells 'hide out' in the bone marrow. 

Leukemia. 2004 Jan; 18(1): 29-40. 

PMID: 14586476 [PubMed - indexed for MEDLINE] 
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Fukuda S, Kato F, Tozuka Y, Yarnaguchi M.. Miyamoto Y, 
Hisatsune T. 



Keiated Articles, Unks 



Two distinct subpopulations of nestin-positive cells in adult mouse dentate 
gyrus. 

J Neurosci. 2003 Oct 15;23(28):9357-66. Erratum in: J Neurosci. 2004 Jan 7;24(1):24. 
PMID: 14561863 [PubMed - indexed for MEDLINE] 



□ 23: Ha Y. Kim TS. Yoon PH. Cho YE. Huh SG. Lee KC 



Related Articles, Links 



Reinduced expression of developmental proteins (nestin, small heat shock 
protein) in and around cerebral arteriovenous malformations. 

Clin Neuropathol. 2003 Sep-Oct;22(5):252-61. 
PMID: 1 453 155 1 [PubMed - indexed for MEDLINE] 



□ 24: Kang SK. Jun ES. Bae YC. Jung JS. 



Related Articles, Links 



□ 25: 



□ 26: 



Interactions between human adipose stromal cells and mouse neural stem 
cells in vitro. 

Brain Res Dev Brain Res. 2003 Oct 10;145(1): 141-9. 
PMID: 14519500 [PubMed - indexed for MEDLINE] 

Rodrig^iez-PerezLM Related Articles, Links 

Llebrez P. 

Immunocytochemical characterisation of the wall of the bovine lateral 
ventricle. 

Cell Tissue Res. 2003 Dec;314(3):325-35. Epub 2003 Sep 26. 
PMID: 14513354 [PubMed - in process] 

Suzuki T. Goto S. Magi T, Amemiya K., Igarashi R, Mizushlma Y, Related Articles, Links 
Takahashi M. 
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Effects of prolonged delivery of brain-derived neurotrophic factor on the 
fate of neural stem cells transplanted into the developing rat retina. 

Biochem Biophys Res Commun. 2003 Oct 3;309(4):843-7. 
PMID: 13679050 [PubMed - indexed for MEDLINE] 



□ 27: Shu T. Puche AC. Richards I J. 



Related Articles, Links 



Development of midline glial populations at the corticoseptal boundary. 

JNeurobiol. 2003 Oct;57(l):81-94. 

PMID: 12973830 [PubMed - indexed for MEDLINE] 



O 28: Mayer EI Hughes EH. Carter DA, Dick AD. 



Related Articles. Unks 



Nestin positive cells in adult human retina and in epiretinal membranes 

Br J Ophthalmol. 2003 Sep;87(9):l 154-8. 

PMID: 12928287 [PubMed - indexed for MEDLINE] 



□ 29: iMXLji^^ 



Related Articles, Links 



[The induction of neuronal differentiation in the glial fibrillary acid protein 
positive human neural progenitor cell line] 

Beijing Da Xue Xue Bao. 2003 Jun 18;35(3):266-70. Chinese. 
PMID: 12914242 [PubMed - indexed for MEDLINE] 

□ 30: BejniettM^ Related Articles, Links 

Aberrant growth and differentiation of oligodendrocyte progenitors in 
neurofibromatosis type 1 mutants. 

JNeurosci. 2003 Aug 6;23(18):7207-17. 
PMID: 12904481 [PubMed - indexed for MEDLINE] 



□ 31: Nakamura T\ Xi G, Hua Y, Hoff JT, Keep RF. 



Related Articles, Links 



Nestin expression after experimental intracerebral hemorrhage 

Brain Res. 2003 Aug 15;981(1-2):108-17. 

PMID: 1288543 1 [PubMed - indexed for MEDLINE] 



i 32: Zhang L, Tang S, Luo Y, Huang B. Zhang C, Chen X. 



Related Articles, Links 



[In vitro differentiation of embryonic stem cells mediated by the 
supernatant of retinal cells and retinoid acid] 

Yan Ke Xue Bao. 2003 Jun;l 9(2): 122-5. Chinese. 
PMID: 12870351 [PubMed - in process] 

fj 33. Garbuzova-Pavis S, Willing AE, Zigova T. Saporta S, .Tusten EB, Related Artie! 
LmiLJC^Hud^ 

Intravenous administration of human umbilical cord blood cells in a 
model of amyotrophic lateral sclerosis: distribution, migration, and 
differentiation. 

JHematother Stem Cell Res. 2003 Jun;12(3):255-70. 
PMID: 12857367 [PubMed - indexed for MEDLINE] 
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O 34: Lacza Z. MQnj^h3^3^d}^DW, 



Related Articles, Links 



Neural stem cell transplantation in cold lesion: a novel approach for the 
investigation of brain trauma and repair. 

Brain Res Brain Res Protoc. 2003 Jul; 1 1(3): 145-54. 
PMID: 12842219 [PubMed - indexed for MEDLINE] 



n 35 : Wislet- Ge ndcbien S, Leprince P. .Moongn. CLRo^ister B,. 



Related Articles, Unks 



Regulation of neural markers nestin and GFAP expression by cultivated 
bone marrow stromal cells. 

J Cell Sci. 2003 Aug 15;1 16(Pt 16):3295-302. Epub 2003 Jul 02. 
PMID: 12840074 [PubMed - in process] 
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□ 36: &Up£Qy^ Related Articles, Links 

LP, Yamaguchi M. Kettenmann H. Kempermann G. 

Subpopulation of nestin-expressing progenitor cells in the adult murine 
hippocampus shows electrophysiological and morphological characteristics 
of astrocytes. 

Mol Cell Neurosci. 2003 M;23(3):373-82. 
PMID: 12837622 [PubMed - indexed for MEDLINE] 



□ 37: Toncbev AB. Yamashima T. Zhao L. Okano HJ. Okano H. 



Related Articles, Links 



Proliferation of neural and neuronal progenitors after global brain ischemia 
in young adult macaque monkeys. 

Mol Cell Neurosci. 2003 Jun;23(2):292-301. 

PMID: 12812760 [PubMed - indexed for MEDLINE] 



□ 38: Hotta Y. Honda T. Naito M. Kuwano R. 



Related Articles, Links 



□ 39: 



□ 40: 



□ 41: 



Developmental distribution of coxsackie virus and adenovirus receptor 
localized in the nervous system. 

Brain Res Dev Brain Res. 2003 Jun 12;143(1):1-13. 
PMID: 12763576 [PubMed - indexed for MEDLINE] 

Fukushima K, Yokouchi K, Kawagishi Ren G, Higashiyama K Related Articles Links 
MPiiizumiX-. 

Proliferating cell populations in experimentally-induced hydrocephalus in 
developing rats. 

J Clin Neurosci. 2003 May;10(3):334-7. 
PMID: 12763340 [PubMed - in process] 

MlKakami T Jiujimoto Y, Yasunaga Y s Ishida C\ Tanaka N^ Ikuta Pelted Abides • inks 
Y. Ochi M 

Transplanted neuronal progenitor cells in a peripheral nerve gap promote 
nerve repair. 

Brain Res. 2003 Jun 6;974(l-2): 17-24. 

PMID: 12742620 [PubMed - indexed for MEDLINE] 

Ono Yoshihara K. Suzuki IL Tanaka KF. Takii T. Onozaki K. Related Articles, Links 
SawadaM-. 

Preservation of hematopoietic properties in transplanted bone marrow cells 
in the brain. 

J Neurosci Res. 2003 May 15;72(4):503-7. 

PMID: 12704811 [PubMed - indexed for MEDLINE] 



□ 42: Tonchev AB, Yamashima T, Zhao L . Okano H. 



Keiated Articles, Links 



Differential proliferative response in the postischemic hippocampus, 
temporal cortex, and olfactory bulb of young adult macaque monkeys. 

Glia. 2003 May;42(3):209-24. 

PMID: 12673828 [PubMed - indexed for MEDLINE] 



G 43: Duggal N, Iskandcr S, Hammond RR. 



Keiated Articles, Links 



MAP2 and nestin co-expression in dysembryoplastic neuroepithelial 
tumors. 

Clin Neuropathol. 2003 Mar-Apr;22(2):57-65. 
PMID: 12670051 [PubMed - indexed for MEDLINE] 



□ 44: Hao IINL Zhao J. Thomas RL. Parker GC. Lyman WD. 



Keiated Articles, Links 



Fetal human hematopoietic stem cells can differentiate sequentially into 
neural stem cells and then astrocytes in vitro. 

J Hematother Stem Cell Res. 2003 Feb;12(l):23-32. 
PMID: 12662433 [PubMed - indexed for MEDLINE] 
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Related Articles, Links 



Temporal progressive antigen expression in radial glia after contusive 
spinal cord injury in adult rats. 

Glia. 2003 Apr 15;42(2):172-83. 

PMID: 12655601 [PubMed - indexed for MEDLINE] 



□ 46: LiguLSS^Yuj^, 



Keiated Articles, Links 



Differentiation of radial glia-like cells from embryonic stem cells. 

Glia, 2003 Apr 15;42(2):109-17. 
PMID: 12655595 [PubMed - indexed for MEDLINE] 

□ 47: Jon FP, Galderisi U, Plegari E, Cipollaro M, Cascino A, Peluso G. Related Articles, Links 
Cotrufo R. Giordano A, Melone MA. 

EGF-responsive rat neural stem cells: molecular follow-up of neuron and 
astrocyte differentiation in vitro. 

J Cell Physiol 2003 May;195(2):220-33. 

PMID: 12652649 [PubMed - indexed for MEDLINE] 

G 48: Asklund T, Appelskog IB. Ammerpohl O. Langmoen IA, Dilber Related Articles, Links 
* MS, Aints A, Ekstrom T.L Almqvist PM. 

Gap junction-mediated bystander effect in primary cultures of human 
malignant gliomas with recombinant expression of the HSVtk gene. 

Exp Cell Res. 2003 Apr 1;284(2): 185-95. 
PMID: 12651 152 [PubMed - indexed for MEDLINE] 



□ 49: Lou S, Gu P, Chen F, He C. Wang M. Lu C. 



Related Articles, Links 



The effect of bone marrow stromal cells on neuronal differentiation of 
mesencephalic neural stem cells in Sprague-Dawley rats. 

Brain Res. 2003 Apr 4;968(1): 114-21. 

PMID: 12644269 [PubMed - indexed for MEDLINE] 



fj 5Q. Melaason-Drapeau L, Beyko S, Dave S, Hebb AL, Franks DJ, 
Seilitto C_^PauL 



Related Articles, Links 



Oligodendrocyte progenitor enrichment in the connexin32 null-mutant 
mouse. 

J Neurosci. 2003 Mar 1;23(5): 1759-68. 

PMID: 12629180 [PubMed - indexed for MEDLINE] 



□ 51: KozlOTaEN, 



Related Articles, Links 



Differentiation and migration of astrocytes in the spinal cord following 
dorsal root injury in the adult rat. 

Eur J Neurosci. 2003 Feb;17(4):782-90. 
PMID: 12603268 [PubMed - in process] 



O 52: Aio R, Cacicedo L. Navarro C, Sanchez-Franco F. 



Related Articles, Links 



Growth hormone action on proliferation and differentiation of cerebral 
cortical cells from fetal rat. 

Endocrinology. 2003 Mar; 144(3): 1086-97. 

PMID: 12586785 [PubMed - indexed for MEDLINE] 



0 53: Takahashi M. Aral Y, Kurosawa H., Suevoshi K Shirai S. 



Related Articles, Links 



Ependymal cell reactions in spinal cord segments after compression injury 
in adult rat. 

J Neuropathol Exp Neurol. 2003 Feb;62(2): 185-94. 
PMID: 12578228 [PubMed - indexed for MEDLINE] 



fj 54- Vicario-Abejon C, Yusta-Boyo M.L Fernandez-Moreno C, de 
Pablo F 
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Locally born olfactory bulb stem cells proliferate in response to insulin- 
related factors and require endogenous insulin-like growth factor-I for 
differentiation into neurons and glia. 

JNeurosci. 2003 Feb l;23(3):895-906. 

PMID: 12574418 [PubMed - indexed for MEDLINE] 



□ 55: Kim a Choc Y. Park J. C-ho S, Kim K 



Kelated Articles, Links 



Activation of protein kinase A induces neuronal differentiation of HiB5 
hippocampal progenitor cells. 

Brain Res Mol Brain Res. 2002 Dec 30;109(l-2): 134-45. 
PMID: 12531523 [PubMed - indexed for MEDLINE] 



□ 56: Hsieh WY. Hsieh YL. Liu DP. Yang SN. Wu JN, 



Related Articles, Links 



Neural progenitor cells resist excitatory amino acid-induced neurotoxicity. 

JNeurosci Res. 2003 Jan 15;71(2):272-8. 

PMID: 12503090 [PubMed - indexed for MEDLINE] 



57: 



Amano T. Inamura T. Wu CM, Kara S. Nakamizo A. Inoha S. 
Miyazono M, lkezaki K. 



Related Articles, Link? 



Effects of single low dose irradiation on subventricular zone cells in 
juvenile rat brain. 

Neurol Res. 2002 Dec;24(8):809-16. 

PMID: 12500705 [PubMed - indexed for MEDLINE] 



□ 58: 



Charytoniuk D, Traiffort E, Hantraye P, Hcrmcl JM, Galdes A, 
Ruat M. 



Kelateci Articles. Links 



Intrastriatal sonic hedgehog injection increases Patched transcript levels in 
the adult rat subventricular zone. 

Eur J Neurosci. 2002 Dec;16(12):2351-7. 

PMID: 12492430 [PubMed - indexed for MEDLINE] 



□ 59: Shi M. Wei L-C, Cao R. Chen LW. 



Related Articles, Links 



Enhancement of nestin protein-immunoreactivity induced by ionizing 
radiation in the forebrain ependymal regions of rats. 

Neurosci Res. 2002 Dec;44(4):475-81. 

PMID: 12445635 [PubMed - indexed for MEDLINE] 



□ 60: 



Related Articles, Links 



Cai J. Wu Y. Mirua T. Pierce JL. Lucero MT. Albertinc KH. 
Spangmde GJ, R ao MS 

Properties of a fetal multipotent neural stem cell (NEP cell). 

DevBiol. 2002 Nov 15;251(2):221-40. 
PMID: 12435354 [PubMed - indexed for MEDLINE] 

□ 61: Akita J. Takahashi M. Hojo M. Nishida A. Haruta M. Honda Y. Related Articles, Links 

Neuronal differentiation of adult rat hippocampus-derived neural stem cells 
transplanted into embryonic rat explanted retinas with retinoic acid 
pretreatment. 

Brain Res. 2002 Nov 8;954(2):286-93. 
PMID: 12414111 [PubMed - indexed for MEDLINE] 



62: Wei LC. Shi M. Chen LW. Cao R. Zhang P. Chan YS. 



Related Articles, Links 



Nestin-containing cells express glial fibrillary acidic protein in the 
proliferative regions of central nervous system of postnatal developing and 
adult mice. 

Brain Res Dev Brain Res. 2002 Nov 15;139(1):9-17. 
PMID: 12414089 [PubMed - indexed for MEDLINE] 



□ 63: U HS. Milam W. Saliooque F. 



Related Articles, Links 
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Fetal brain progenitor cells transdifferentiate to fates outside the nervous 
system. 

Mol Endocrinol. 2002 Nov; 16(1 1):2645-56. 

PMID: 12403852 [PubMed - indexed for MEDLINE] 

G 64: Kawasaki K Kosugi L Arai Y. Tsutsui Y. Related Articles, Links 

The amount of immature glial cells in organotypic brain slices determines 
the susceptibility to murine cytomegalovirus infection. 

Lab Invest. 2002 Oct;82(10): 1347-58. 
PMID: 12379769 [PubMed - indexed for MEDLINE] 

65: Shibuya S. Miyamoto (X AuerRR Itano T. Mori S, Norimatsu. II Related Articles, Links 

Embryonic intermediate filament, nestin, expression following traumatic 
spinal cord injury in adult rats. 

Neuroscience. 2002;114(4):905-16. 

PMID: 12379246 [PubMed - indexed for MEDLINE] 

□ 66: Ha Y, Choi JU. Yoon DM. Clio YE, Kim TS. Related Articles, Links 

Nestin and small heat shock protein expression on reactive astrocytes and 
endothelial cells in cerebral abscess. 

Neurosci Res. 2002 Oct;44(2):207-12. 

PMID: 12354635 [PubMed - indexed for MEDLINE] 

067: Milosevic A. Goldman JE. Related Articles, Links 

Progenitors in the postnatal cerebellar white matter are antigenically 
heterogeneous. 

J Comp Neurol. 2002 Oct 14;452(2): 192-203. 
PMID: 12271492 [PubMed - indexed for MEDLINE] 

fj 6 8 : K am iton ^ Related Art id es , Li n ks 

Cell-type-specific expression of protein tyrosine kinase-related receptor 
RYK in the central nervous system of the rat. 

Brain Res Mol Brain Res. 2002 Aug 15;104(2):255-66. 
PMID: 12225882 [PubMed - indexed for MEDLINE] 



O 69: &humn_MA,.CasteJljm Related Articles, Links 

Enhanced viability and neuronal differentiation of neural progenitors by 
chromaffin cell co-culture. 

Brain Res Dev Brain Res. 2002 Aug 30; 137(2): 1 15-25. 
PMID : 1 2220703 [PubMed - indexed for MEDLINE] 

O 70: Alyes JA^.Bajno^ Related Articles, Links 

Initial stages of radial glia astrocytic transformation in the early postnatal 
anterior subventricular zone. 

J Neurobiol. 2002 Sep 5;52(3):251-65. 

PMID: 12210108 [PubMed - indexed for MEDLINE] 

□ 71: Romero-Ramos ML Vourc'h P, Young HE, Lucas PA, Wu Y, Related Articles, Links 

Chivatakam O, Zaman Dunkelman N, el-Kalay MA, Chesselet 
MF. 

Neuronal differentiation of stem cells isolated from adult muscle, 

J Neurosci Res. 2002 Sep 1 5 ;69(6): 894-907. 
PMID: 12205682 [PubMed - indexed for MEDLINE] 
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FIGS. 1A-B show ***nestin*** -expressing cells arise at the 
differentiating margins of human embryonic stem cells. These cells are 
maintained in Knockout DM EM (Gibco) supplemented with 20% serum and 
express GFP within 3 days of infection by adenoviral ("Ad") E/ 
***Nestin*** EGFP. 
FIGS. 2A-B show E/ ***nestin*** : EGFP recognizes only a minority of 
human embryonic stem cells 9 days after passage and 7 days postAdE/ 

***nestin*** : EGFP infection. The human embryonic stem cells are induced 
to form embryonic bodies in Knockout DM EM (Gibco) supplemented with 20% 
PBS and continue to express GFP 7 days after infection by AdE/ 
***Nestin*** EGFP. 
figs. 3A-B show that FACS selects a distinct population of E/ 
***nestin*** -driven GFP+. Flow cytometric analysis of ADE/ 
***Nestin*** : EGFP infected human embryonic stem cells showed that the 
EGFP expressing population constituted 5.67+-1.8X (mean+-SD, n=4 samples) 
of the total cell population. 

FIGS. 4A-B show FACS results which suggest several size ranges of E/ 

***nestin*** -driven GFP+ cells. Profiles of forward scatter ("FSC") v. 
fluorescence intensity (" FLl") reveal the presence of two populations of 
***nestin*** + progenitor cells. 
FIGS. 5A-B show AdE/ ***Nestin*** :EGFP-induced human embryonic stem 
cells can be extracted to near homogeneity by FACS. Following 5 days 
after, FACS, in knock out-DMEM supplemented with 20% FBS and RA, the 
sorted cells start to form spheres and continue to express ***nestin*** 
-driven GFP. 

FIGS. 6A-B show E/ ***nestin*** : EGFP-sorted-human embryonic stem cells 
differentiate largely as neurons and glia with FIG. 6A snowing the 
results 6 days after treatment with brain derived neurotrophic factor 
("BDNF")/neurotrophin-3 ("NT-3") and FIG. 6B showing beta Ill-tubulin 
treatment. Following differentiation in Neurobasal medium supplemented 
with B27 (Gibco), NT3, and BDNF and on polyornithine/fibronectin coated 
plates for 5 days, beta Ill-tubulin expression was observed by most of 
the ***nestin*** -sorted cells, indicating their neuronal 
differentiation and maturation. 

fig. 7 shows highly enriched populations of neurons can be derived from 
human embryonic stem cells sorted by FACS on the basis of E/ 

***nestin*** -driven GFP where the beta Ill-tubulin promoter is used. 

figs. 8A-B show adenoviral with T alpha 1 tubulin promoter ("AdT alpha 
"):human embryonic stem cells recognize neuronal progenitor cells within 
mixed cultures of human embryonic stem cells. 

figs. 9A-B show AdT alpha : human embryonic stem cells recognize a 
population of neuronal ly-differentiating human embryonic stem cells. 
Human embryonic stem cells maintained in KO-DMEM supplemented with 20% 
KO-serum exhibited GFP expression by neuronal progenitor cells within 3 
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from a population of embryonic stem cells. 

FIGS. 11A-D demonstrate that lenti virus ("Lenti ")-E/ ***Nestin*** : EGFP 
expression can be seen at the differentiating margins and centers of hES 
colonies. hES cells maintained in Knockout DMEM/ Knockout replacement 
serum (Gibco) were infected with Lenti-E/ ***Nestin*** : EGFP virus. 
EGFP expression was observed 3-4 days after infection. Typically EGFP 
expression was observed at the edges (FIGS. 11A and B) or center (FIGS, 
lie and D) of the hES colonies. 

FIGS. 12A-D show that EGFP expression by Lenti-E/ ***Nestin*** : EGFP 
infected hES cells continues through several generations. Lenti E/ 

***Nestin*** : EGFP-positi ve celts maintained their EGFP expression 
through several generations (at passage 2 in FIGS. 12A-D) . The EGFP 
expression profile was replicated in every passage, with EGFP expression 
being limited to the differentiating edges (FIGS. 12A and B) and centers 
(FIGS. 12C and D) . 

FIGS. 13A-D demonstrate that EGFP expression by Lenti-E/ ***Nestin*** 
: EGFP infected hES cells continues through several generations without 
loss in intensity of EGFP expression. LentiE/ ***Nestin*** 
:EGFP-positive cells continue to maintain their EGFP expression intensity 
and expression profiles (FIGS. 13A and C, seen at passage three). 

FIGS. 14A-B show that Lenti-E/ ***Nestin*** :EGFP expressing cells 
constitute a large proportion of the hES population. Flow cytometeric 
analysis showed that an average of 12.5% (FIGS. 14A and B) of the 
Lenti-E/ ***Nestin*** : EGFP infected hES cells expressed EGFP. 

FIGS. 15A-B show that FACS purified Lenti-E/ ***Nestin*** 
:EGFPexpressi ng cells on induction of differentiation gave rise to 
neurons and glia. When sorted cells are cultured sequentially in the 
presence of DMEM/F12 supplemented with B-27, basic fibroblast growth 
factor ("bFGF"), epidermal growth factor (" ***egf*** ") , platelet 
derived growth factor ("PDGF") , and insulinlike growth factor ("IGF") 
followed by BDNF/NT3, majority of the cells differentiated as 
llll-tubulin expressing neurons (FIG. 15A) and some as ***gfap*** 
(FIG. 15a) expressing glia. 

figs. 16A-F demonstrate that Lenti -Tal:hGFP recognizes neuronal 
progenitors in mixed hES cell cultures. hES cell cultures infected with 
Lenti -T alpha lrhGFP virus start expressing GFP 34 days post-infection. 
GFP expression is limited to the nucleus (FIGS. 16A, C and E) and 
observed in cells either in the differentiating center of the hES 
colonies (FIGS. 16A and E) or in clusters of cells undergoing spontaneous 
differentiation (FIGS. 16C and D, arrow). From these differentiating 
clusters, neurons can be seen migrating out (FIG. 16C and D, arrow head). 

FIGS. 17A-B show that Lenti -T alpha l:hGFP is expressed by a significant 
proportion of the hES population. Flow cytometery analysis of Lenti -T 
alpha lihGFP infected cells indicate that around 7.32% of the total hES 
cells express GFP driven by the T alpha 1 promoter. 
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FIGS. 1A and IB: The monoclonal nature of each putative human neural stem 
cell (NSC) clone is confirmed by demonstrating a single retroviral 
insertion site within the genomes of each. (A) Genomic DNA from the 
putative human NSC clone Hi (which was propagated in bFGF and 
subsequently transduced with a retrovirus encoding lacz and neo) was 
digested with Hind ill (which cuts only once within the provirus) and 
incubated with a radiolabeled nucleotide probe complementary to neo. 
Monoclonal derivation is confirmed by the presence of a single integrated 
retrovirus with an integration site common to all cells in the colony 
indicating that they were derived from a single infected "parent" cell 
(arrow). As a positive control, the murine NSC clone C17.2 which contains 
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retrovi rusl3 , 28 appropriately shows 2 bands (arrows), specificity of the 
probe is demonstrated by the negative control, the human medulobl astoma 
cell line DaOY, which, having not been infected with a retrovirus, shows 
no neo sequences in its genome and hence no hybridization product (B) 
Genomic DNA from putative clones H9, H6, D10, and C2 (human NSC colonies 
propagated in bFGF and/or ***egf*** and then subsequently infected 
with a retrovirus encoding the propagating gene vmyc) were digested with 
Bgl II or Bam HI (each of which cuts only once within the provirus) and 
then subjected to Southern analysis utilizing a probe complementary to 
the proviral vmyc. single retroviral integration sites are appreciated in 
all colonies confirming the monoclonal nature of each putative clone. The 
murine NSC clone C17.2, which contains a single copy of vmycl3,28 and 
serves as a positive control, also has one band. As in (A), the negative 
control non-vi rally infected human DaOY cells, have no bands. 

FIGS. 2A-2E: Characterization of human neural stem cells (NSCs) in vitro. 
(A) NSCs tend to grow as clusters in serum-free bFGFsuppl emented medium. 
They differentiate spontaneously into neurofilament-immunoreactive 
neurons (B) or CNPaseimmunoreactive oligodendrocytes (c) when transferred 
to serumcontaining medium, or into ***gfap*** -expressing astrocytes 
when cocultured with primary murine CNS cultures (and identified with a 
human-specific anti- ***gfap*** antibody) as, for example in (D) , 
illustrating a typical type-1 protoplasmic astrocyte. Hence, a single 
clone has the potential for generating cella of all neural lineages 
("mul tipotency") . New immature, undifferentiated, vimentin-immunoreactive 
NSCs (E) are present in clones under all conditions, suggesting the 
ability of a clone to "self-renew 11 (i.e., produce new multipotent NSCs). 

FIGS. 3A-3N: Human neural stem cells (NSCs) are capable of complementing a 
prototypical gene product deficiency (e.g., beta-hexosami nidase-A) in 
neural cells of multiple lineages in which the gene is mutated (e.g., 
brain cells from Tay-Sachs mice). As a proof of principle that human NSCs 
(like murine NSCs) are capable of cross-correcting a neurogenetic defect, 
neural cells from the brains of mice with the prototypical neurogenetic 
disorder Tay-Sachs disease, generated via targeted mutagenesis of the 
al pha-subunit of beta-hexosami nidase resulting in absence of 
hexosaminidase-A39 , were exposed to secreted gene products from human 
NSCs to assess their ability to effect complementation of the defect. 
(A-c) Hexosaminidase activity as determined by NASBG histochemistry 
(Nomarski optics) . Functional hexosaminidase produces a red-pink 
precipitate with an intensity proportional to the level of activity. (A) 
Tay-Sachs neural cells (arrows) not exposed to NSCs have no, or minimal, 
detectable hexosaminidase. (A small number of faintly pink NASBG+ cells 
are occasionally observed reflecting low residual hexosaminidase-B 
activity). In comparison, Tay-Sachs neural cells exposed to secretory 
products from murine NSCs (e. g., clone C17.2H) (B) or from human NSCs 
(c) now stain intensely red (wildtype intensity) suggesting that they 
have been cross-corrected, i.e., have internalized significant amounts of 
functionally active hexosaminidase from the NSCconditioned medium. (D-L) 
To help determine which neural cell types from the Tay-Sachs brain were 
cross-corrected, primary dissociated Tay-Sachs neural cells which had 
been co-cultured in a transwell system with human NSCs (as in (c)) were 
reacted both with a fluorescein-! abeled antibody to the human 
alphasubunit of hexosaminidase (D-F) and with antibodies to neural cell 
type-specific antigens (visualized by a TR-tagged secondary antibody) 
(G-l, respectively). Photomicroscopy through a dual filter confirmed 
co-localization of the alphasubunit with the cell-type markers (3-L, 
respectively). A subset of these now alpha-subunit-positive corrected 
cells (D) were neurons, as indicated by their expression of the neuronal 
marker NeuN (G,J); a subset of the al pna-subunit+ cells (E) were glial, 
as illustrated by their co-expression of the glial marker ***Gp^p*** 
(H,K); and a subset of the al pha-subunit+ cells (F) were immature, 
undifferentiated CNS precursors, as indicated by the presence of the 
intermediate filament ***nestin*** (I,L). (Untreated cells from a 
Tay-Sachs brain do not stain for the al pha-subunit) . (M) Percentage of 
successfully rescued (i.e., NASBG+) primary Tay-Sachs neural cells as 
seen in (A-c). The number of "untreated" Tay-Sachs alpha-subunit-null 
cells (-/-) (i.e., unexposed to NSCs) that were NASBG+ (1st histogram) 
was quite low. (That the percentage is not 0 reflects some low residual 
hexosaminidase-B activity in mutant cells that is sometimes sufficient 
enough in some cells to produce a pale pink scoreable cell). In contrast, 
among Tay-Sachs neural cells "treated" with secretory products from 
murine NSCs (C17.2) (2nd histogram), murine NSCs engineered to 
over-express hexosaminidase (C17.2H) (3rd histogram), or human NSCs (4th 
histogram), the percentage of cross-corrected, nexosaminidasecontaining 
cells was significantly increased (p less-than 0.01). The NSCs did not 
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positive control and were nearly 100% NASBG+, histogram not presented). 
(N) Complementation of gene product deficiency results in rescue of a 
pathologic phenotype in mutated neural cells, as illustrated by 
percentage of Tay-Sachs CNS cells with diminished GM2 accumulation. Among 
Tay-Sachs cells not exposed to NSCs (1st histogram), the percentage of 
GM2+ cells was large reflecting their pathologically high level of 
storage and consistent with a Tack of enzyme as per (M) . In contrast, the 
percentage of cross-corrected Tay-Sachs cells without detectable GM2 
storage following exposure to murine (2nd and 3rd histograms, as in (M)) 
or human NSCs (4th histogram) was significantly lower than in the mutant 
(p less-than 0.01), approaching that in wildtype (+/ +) mouse brain (5th 
histogram). Again, the NSCs did not significantly differ from each other 
in their ability to effect this rescue. 

FIGS. 4A-4E: Developmentally-appropriate migration of human neural stem 
cells (NSCs) following engraftment into the subventricular germinal zone 
(SVZ) of newborn mice. (A, B) Donorderived human NSCs integrate and 
intermingle nondisruptively with endogenous progenitors within the host 
SVZ by 24 hours after transplantation. A representative donor-derived 
cell with a typical short process highlighted in (A), has interspersed 
with densely packed endogenous SVZ cells, visualize by DAPI (blue) in the 
overlapping image in (B) . (c) Two weeks following transplantation, many 
donor-derived cells (red) have migrated extensively within the 
subcortical white matter (arrow) and corpus callosum (c) from their site 
of implantation in the lateral ventricles (LV) , as visualized in this 
coronal section. A representative migrating cell within the subcortical 
white matter (arrow), visualized at higher magnification in the boxed 
insert, is noted to have a leading process characteristic of migrating 
precursor cells. (D,E) As seen in this representative cresyl 
violet-counterstained parasagittal section, other donorderived cells 
migrated from their integration site in the anterior SVZ to enter the 
rostral migratory stream ("RMS") leading to the olfactory bulb ("OB"). 
Representative Brduimmunoperoxidase-posi tive (brown) donor-derived cells 
(arrow) within the RMS, are seen at low power in (D) and visualized at 
higher magnification in (E) , intermixed with migrating host cells. 
Further characterization and visualization of these donor human 
NSC-derived cells in their final location in the OB are presented in FIG. 
5. scale Bars: 100 mu m. 

FIGS. 5A-5Q: Differentiation and disseminated foreign gene ( 
beta-gal actosidase) expression of human neural stem cell (NSC) clones in 
vivo following engraftment into the SVZ of developing, neonatal mice. 
(A-c) stably engrafted, beta-gal actosidase ( beta gal) -expressing, 
donor-derived cells from representative human NSC clone Hi, detected with 
Xgal histochemistry (A, B) and with anti-beta gal ICC (c) . The 
donor-derived cells pictured in the series of photomicrographs in (A) are 
within the periventricular and subcortical white matter regions (as per 
FIG. 4). (The top and bottom panels-low power on the left, corresponding 
high power on the right-are from representative semi -adjacent regions 
within a single recipient, suggesting a significant distribution of 
cells; arrows indicate the lateral ventricles). Furthermore, as 
illustrated in (B,C) by representative high power photomicrographs 
through the olfactory bulb (OB) (located as in FIG. 4D) , donor-derived 
cells from this clone have not only migrated extensively to this 
developmentally-appropriate site, but continue to express beta gal in 
this distant location (i.e., in a disseminated fashion in vivo). The 
normal fate of a subpopulation of SVZderived progenitors that have 
migrated to the OB at this developmental stage is to become neuronal, in 
(D-G) , donorderived neurons in the mature OB, derived from BrdU-labeled 
NSCs (representative clone H6) implanted into the SVZ at birth, are 
identified by both their immunoreactivity to a humanspecif ic NF antibody 
(D) as well as their expression of the mature neuronal marker, NeuN 
(E-G) ; under confocal microscopy, a BrdU+ (hence, donor-derived) cell 
(arrow in (E) , fluorescein) is NeuN+ (arrow in (F) , Texas Red) 
appreciated best with a dual filter (arrow in (G)). Adjacent to this 
representative donorderived BrdU+/NeuN+ neuron (arrow) , are 2 host OB 
neurons (BrdU/NeuN+ in (g)) which share a similar size, morphology, and 
location with the donor-derived cell (arrow in F) . (H,l) High power view 
of a representative donor-derived (clone H6) oligodendrocyte (arrow), 
appropriately in the adult subcortical white matter (as per FIG. 4C) 
following neonatal intraventricular implantation, double-labeled with an 
antibody to the ol igodendrocyte-specific protein CNPase (H) and Brdu (I) . 
characteristic cytoplasmic processes extending from the soma are noted 
(arrowhead in (H)). (The morphology of the CNPase+ cell has been somewhat 
damaged by the HCl pre-treatment required for Brdu double-labeling). (J) 
Mature donor-derived astrocytes (clone H6) in the adult subcortical white 
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***GFAP** Vf antibody. The inset better illustrates at higher 
magnification the characteristic mature astrocytic morphology of a 
representative human- ***gfap*** + cell. (K-Q) Expression of vmyc is 
downregulated within 48 hours following engraftment. (K) , (M) , and (o) 
are DAPl-based nuclear stains of the adjacent panels (L) , (N) , and (P, 
Q) , respectively. Representative human NSC clone H6 was generated (as was 
the well -characterized murine NSC clone C17.2) with the propagating gene 
vmyc. vmyc immunoreactivi ty in H6-derived cells (red) in the SVZ (arrows) 
at 24 hours following engraftment ((L) and at higher power in (N)), is 
persistently absent (P) in integrated H6-derived cells (visualized by 
Brdu labeling in (q) (shown here 3 weeks following transplantation, but 
representative of any point 24 hours after engraftment). Scale Bars: (A), 
(K) and applies to (l_) : 100 mu m; (D) , (E) and applies to (F,G), (H) and 
applies to (I), (3), (M) and applies to (N) : 10 mu m; (o) and applies to 
(P,Q) : 50 mu m 

FIGS. 6A-63: Neuronal replacement by human neural stem cells (NSCs) 
following transplantation into the cerebellum of the granule 
neuron-deficient meander tail (mea) mouse model of neurodegeneration . 
(A-G) Brdu-intercalated, donor-derived cells (from representative clone 
H6) identified in the mature cerebellum by anti-Brdu immunoperoxidase 
cytochemistry (brown nuclei) following implantation into the neonatal mea 
external germinal layer (EGL) . (The EGL, on the cerebellar surface, 
disappears as the internal granule layer (IGL) emerges to become the 
deepest cerebellar cortical layer at the end of organogenesisl3) (A) 
clone H6-derived cells are present in the IGL ("igl" ; arrowheads) of all 
lobes of the mature cerebellum in this parasagittal section, (Granule 
neurons are diminished throughout the cerebellum with some prominence in 
the anterior lobe). (B) Higher magnification of the representative 
posterior cerebellar lobe indicated by arrowhead "b M in (A), 
demonstrating the large number of donor-derived cells present within the 
recipient IGL. (c-G) Increasing magnifications of donor-derived cells 
(brown nuclei) within the IGL of a mea anterior cerebellar lobe. 
(Different animal from that in (A, B) . ) (G) Normarski optics bring out 
the similarity in size and morphology of the few residual host, 
Brdu-negative cerebellar granule neurons (arrowheads) and a Brdu+, 
donor-derived neuron (arrow), which is representative of those seen in 
all engrafted lobes of all animals.) (H,I) Confirmation of the neuronal 
differentiation of a subpopulation of the donor-derived, BrdU+ cells from 
(A-G) is illustrated by co-labeling with anti-Brdu (green in H) and the 
mature neuronal marker NeuN (red in I) (indicated with corresponding 
arrows), (some adjacent, donorderived cells are non-neuronal as indicated 
by their Brdu+ (arrowhead in (H)) but NeuN-phenotype (also illustrating 
the specificity of the immunostaining) . (3) cells within the IGL are 
confirmed to be human donor-derived cells by FISH with a human-specific 
probe (red) identifying human chromosomal centromeres, scale Bars: (A), 
(B): 100 mu m; (F) , (G), (3): 10 mu m! 
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FIG. 1. Comparison of Ink4a/Arf+/+ and -/-neural stem cells (NSCs) and 
astrocytes. A. NSC morphology (upper panels) and ***nestin*** 
staining (inset upper panels) of neurospheres is similar for Ink4a/Arf+/+ 
and -/-cultures. Astrocyte morphology (lower panels) and ***gfap*** 
staining (inset lower panels) is also similar between Ink4a/Arf+/+ and 
-/-cultures. B. The total number of ***egf*** responsive NSCs 
isolated from Ink4a/Arf+/+ and -/-brains at E8.5 (n=4) , E10.5 (n=9) , 
E13.5 (n=38), E17.5 (n=12) , Pi (n=16) , and adult (6 weeks, n=4) . C The 
total number of neurospheres generated in defined media with ***egf*** 
(20 ng/mL), without ***egf*** , and with PDGF (50 ng/mL) . Data 
represent the means +/-the standard error of the mean (SEM) of the number 
of stem cells residing in the striatal germinal zone at E13.5 (n=32-38 
embryos per genotype). D. Differentiation of Ink4a/Arf-/-NSCs ( 

***nestin*** positive) into astrocytes ( ***gfap*** positive, lower 
left) in response to serum and neurons (TUJl, lower right) in response to 
BDNF. 

FIG. 2. pl6lNK4a and pl9ARF cooperate to regulate the growth of astrocytes 
but not NSCs. Growth during serial passage by lnk4a/ Arf genotype for A. 
NSCs and B. astrocytes, c. Number of persistently growing astrocytes 
lines (i.e., "non-senesced" ; sharpless et al . , Nature, 413:86-91 (2001)) 
by passage and pl6lNK4a and pl9ARF status. D. Western blot analysis of 
pl6lNK4a and pl9ARF in NSCs and astrocytes by Ink4a/Arf genotype. 
+Control=pl6lNK4a and pl9ARF overexpressi ng tumor cell line. 

fig. 3. lnk4a/Arf-/-astrocytes dedifferentiate to ***nestin*** + , A2B5+ 
progenitor cells in vitro. Ink4a/Arf+/+ (A) and -/-(B) cells were removed 
from serum and grown in ***egf*** on day 0. Ink4a/ Arf-/-cells 
rapidly change morphology and resulting bipolar cells and neurospheres 
are ***nestin*** + and A2B5+ (double labeling inset, far right panel 
of B) , whereas Ink4a/Arf+/+ cells do not dedifferentiate and remain 

***gfap*** + (inset, far right panel of A), western blot analysis of 
cultured astrocytes of indicated genotypes after treatment with 

***EGF*** . c) Equivalent MAPK, AKT and D) EGFR phosphorylation is seen 
in Ink4a/Arf-/- and +/+ cells after ***EGF 



itieit 
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Ink4a/Arf+/+ (A) and -/-(B) mice after intraventricular ***egf*** 
infusion. Images (low and high power H&E , ***nestin*** and Oliq2 
staining) of E) Ink4a/Arf+/+ and F)-/-mice after intraventricular for 7 
days of ***egf*** . Arrows (3E) indicate a well differentiated 
ependymal layer of single cell that is replaced by an expanded population 
of poorly differentiated progenitor cells (bracket, 3F) . 

FIG. 4. Expression of EGFR* in Ink4a/Arf-/-NSCs and astrocytes induces 
high-grade gliomas. Tumors derived from orthotopically transplanted 
Ink4a/Arf-/-EGFR* (A) NSCs and (B) astrocytes are gadolinium enhancing on 
MRI, grow as poorly differentiated highgrade tumors (40 x H&E), and 
express ***gfap*** , ***nestin*** , and olig2. 

FIG. 5. A. p53-/-, pl6INK4a-/- and pl9ARF-/-astrocytes do not 
differentiate in response to ***egf*** . Cultures were grown in 
serumfree media supplemented with ***egf*** (20 ng/mL) for 10 days. 
In contrast to Ink4a/Arf-/-astrocytes , p53-/- f pl6lNK4a-/-, and 
pl9ARF-/-astrocytes did not change morphology in response to ***egf*** 
and remained ***qfap*** + and ***nestin*** -(insets represent 
double labeling with ***gfap*** (red) and ***nestin*** (green) 
(n=4 independently derived cell lines for each genotype). B. 
Ink4a/Arf -/astrocytes expressing the wild-type EGFR do not 
dedifferentiate in serum-free media containing without ***egf*** . C. 
Ink4a/Arf-/astrocytes expressing EGFR* dedifferentiate in serum-free 
media lacking ***egf*** . D- Ink4a/Arf+/+ astrocytes expressing EGFR* 
do not dedifferentiate. E. EGFR* expression in NSCs can substitute for 
ligand. Ink4a/Arf-/-EGFR* NSC cultures were grown in serum free media 
without ***egf*** . mk4a/Arf-/-cultures transduced with the wild-type 
EGFR do not proliferate under these conditions, but rather undergo 
apoptosis (not shown). F. Subcutaneous tumors derived from 
Ink4a/Arf-/-astrocytes transduced with EGFR*. High grade, 
undifferentiated tumors were *** GFAP *** +| ***nestin*** + and 
Olig2+, similar to intracranially generated tumors. Similar histology and 
immunoreactivity to ***GFAP*** , ***nestin*** , and 0lig2 were 
found in subcutaneous tumors derived from Ink4a/Arf-/-NSCs transduced 
with EGFR* (not shown). G. Spindle-cell and epithelioid-cell morphology 
was seen in 1 tumor each derived from. All tumors demonstrated strong 
hEGFR* staining and were SoxlO positive as shown here for 1 tumor derived 
from Ink4a/Arf/-EGFR* astrocytes. 
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FIG. 1 depicts phase-contrast views (left, A) and greenfl uorescent protein 
(gfp) illumination views (right, B) of GFPexpressmg, neuroretina-derived 
retinal stem cell spheres at 3 days (top panel) and 6 days (bottom panel) 
after dissociation into single cell suspension. 

FIGS. 2A and 2B are photomicrographs of NRSCs in vitro, labeled with 
antibodies against retinal stem cell markers: Ki-67, expressed by mitotic 
cells (left, FIG. 2A) and ***nestin*** , an intermediate filament 
protein in neural stem cells and immature neurons (right, fig. 2b) . 

FIGS. 3A and 3B are photomicrographs of neuroretina-derived stem cells 
after their in vitro exposure to serum, labeled with an antibody against 

***glial*** ***fibrillary*** ***acidic*** ***protein*** , a 
marker for astrocytes (anti- ***gfap*** , left, fig. 3A) and an 
antibody against neurofilament of 200 kD, a marker for mature neurons 
(antiNF200; right, FIG. 3B) . 

FIGS. 4A-4D are green fluorescent protein(GFP) -illuminated 
photomicrographs of four examples of mouse retinal explant recipient 
tissue (obtained postnatally on day 1), co-cultured with mouse retinal 
stem cell spheres for 7 days in vitro. 

FIGS. 5A and 5B are two exemplary in situ photomicrographs of "green", 
neuroretina-derived retinal stem cells (derived from GFP-expressing 
transaenic mice"). 2 weeks after beina arafted in a host adult rd-2 mouse 



photoreceptor-specif ic marker, rhodopsin. 
FIGS . 6A-F are photomicrographs of "green 11 NRSCs grafted into various 
retinal sites, 2 weeks post-graft. FIGS. 6A-6C and FIGS. 6D-6F, 
respectively, show views of the same retinal site, under different 
illumination: gfp illumination (FIGS. 6A and 6D) , red-labeled 
anti -rhodopsin antibodies (FIGS. 6B and 6E) ; and ordinary photomicrograph 
(FIGS. 6F) . 

FIG. 7 is a confocal photomicrograph of "green" NRSCs grafted into an 

extra-ocular site, 2 weeks post-graft, labelled with red-labeled, 

anti-recoverin antibodies. 
FIG. 8 is a confocal photomicrograph of "green" NRSCs grafted into a 

retinal site, 2 weeks post-graft, labelled with antirecoverin antibodies. 
FIGS. 9A and 9B are photomicrographs showing GFP (green, FIG. 9A) and 

rhodopsin (red, FIG. 9B) expression in RD-2 mouse vitreous, 2 weeks 

after grafting. 

FIGS . 10A-10C are photomicrographs of the same graft site: retinal stem 
cells grafted to the subretinal space of adult retina "green" NRSC from 
transgenic GFP-expressing mice, grafted to the subretinal space of adult 
retina in lesioned B6 mouse subretinal space, 2 weeks after grafting. 
FIG. 10A shows gfp expression (green illumination); FIG. 10B shows 
recoverin expression (staining of cells with red-labeled anti-recoverin 
antibodies); and FIG. 10c shows an overlay or merged view of FIGS. 11A 
and 11B. 

FIGS. llA-llc are confocal micrographs of the same graft site: "green" 
NRSC from transgenic GFP-expressing mice, grafted to the subretinal space 
of adult retina in lesioned B6 mouse subretinal space, 2 weeks after 
grafting. FIG. 11A shows GFP expression (green illumination); FIG. 11B 
shows recoverin expression (staining of cells with red-labeled 
anti-recoverin antibodies); and FIG. 11c shows an overlay or merged view 
of FIGS. 11A and 11B. 

figs. 12A- 12c show confocal micrographs of the same graft site: "green" 
NRSC grafted into lesioned B6 mouse subretinal space, 4 weeks after 
grafting. FIG. 12A shows recoverin expression (staining of cells with 
red-labeled anti-recoverin antibodies;; FIG. 12B shows GFP expression 
(green illumination); and FIG. 12C is an overlay or merged view of FIGS. 
12 A and 12 B. 

FIG. 13 a low-power photomicrograph of cultured, human neuroretina-deri ved 

stem cells (hNRSCs) , showing bipolar, multipolar, and round cells, with 

neuritic processes. 
FIG. 14 is a photomicrograph of hNRSCs undergoing cell division. 
FIG. 15 is a low-power photomicrograph of cultured hNRSCs, showing 

dividing cells and progenitor cells. The cells are observed in another 

sequence to be non-pi gmented. 
FIG. 16 is a low-power photomicrograph of cultured hNRSCs, developing long 

neuritic processes. 
FIG. 17 is a phase photomicrograph showing the mitotic profile of hNRSCs. 
fig. 18 is a bright-field photomicrograph of hNRSCs, showing that they are 

not pigmented. 

FIGS. 19A-19C are sequentially timed photomicrographs of the same cultured 
hNRSC specimen, showing a retinal stem or progenitor cell undergoing cell 
division, fig. 19a shows the stem/progenitor cell before mitosis; FIG. 
19b shows it during mitosis; and FIG. 19C shows it just after mitosis 
(with 2 daughter nuclei), FIG. 19c also shows a classic profile of an 
early, neural stem/progenitor cell. 
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FIG. 1 depicts neural progenitor cells obtained from human bone marrow in 
accordance with an embodiment of the present invention. FIG. 1A depicts 
cells from whole bone marrow that, when plated on poly-D-lysine, form a 
monolayer that gives rise to distinct cellular spheres after four days in 
culture. FIG. IB depicts the spheres of FIG. 1A at higher magnification; 
cells may be easily collected, sub-cultured, and propagated separately in 
the presence of growth factors. FIG. lc depicts that the spheres, once 
differentiated, attach and cells start migrating outward (arrows indicate 
migrating cells). FIG. ID depicts that the formed spheres detach from the 
bottom and afterwards remain free-floating. 

FIG. 2 is executed in color and depicts neural progenitor cells obtained 
from human bone marrow in accordance with an embodiment of the present 
invention. FIGS. 2A and 2B indicate that neurospheres (i.e., spheres 
derived from neural cells) and bone marrow-derived spheres, respectively, 
were morphologically indistinguishable. FIGS. 2C and 2D indicate that the 
pattern of ***nestin*** expression (red) was similar both in 
neurospheres and bone marrow derived spheres, respectively. Nuclei of 
cells appear blue owing to being counterstained with 4' ,6-diamidino- 
2phenyl i ndol e (DAPI) . 

FIG. 3 is executed in color and depicts neural progenitor cells obtained 
from human bone marrow in accordance with an embodiment of the present 
invention. FIG. 3A indicates that the bone marrow-derived spheres 
expressed the ectodermal marker vimentin. As depicted in FIG. 3B, a weak 
staining for fibronectin was also observed in the neural progenitor 
cells. As depicted in FIG. 3C, bone marrow-derived spheres exhibit strong 
expression of CD90, and, as depicted in FIG. 3D, the majority of the 
cells in spheres exhibit nuclear expression of Neurogemn 1. 

FIG. 4 is executed in color and depicts a differentiation of bone marrow 
derived cells into neurons and glia in accordance with an embodiment of 
the present invention. After plating on a substrate in media devoid of 

?rowth factors, the bone marrowderived spheres attached, migrated away 
rom the primary site of attachment, and displayed multiple morphologies, 
as depicted in fig. 4a. FIGS. 4B and 4C depict neural progenitor cells of 
the present invention expressing the glial cell marker ***glial*** 

***fibri!1ary*** ***acidic*** ***protein*** ( ***gfap*** ) 
after eight and nine days of differentiation, respectively (cellular 
nuclei counterstained with DAPI) . figs. 4d and 4E depict neural 
progenitor cells of the present invention expressing the neuronal marker 
Neuron specific Enolase (nse) after eight days of differentiation 
(cellular nuclei counterstained with DAPI). Scattered cells also 
expressed the later neuronal marker MAP2, as depicted in FIG. 4F. After 
transplantation of the bone marrow derived spheres into the hippocampus 
of a syngeneic animal, cells expressing NeuN were found, as depicted in 
FIG. 4g. some of these cells appeared to integrate into the hippocampal 
structure, as depicted in FIG. 4H. FIGS. 41, 4J and 4K depict a similar 
differentiation of bone marrow derived cells, with alternate antibodies 
used for immunocytochemistry . FIG. 41 depicts the use of the 

ol iaodendrocvte marker CNPase ( 1:400 Sioma^ at dCl y manni f i ration . while 



chemicon) at 20 x and 40 x magnification, respectively. 

FIG. 5 is executed in color and depicts a gene transfer to neural 
progenitor cells using a beta-gal actosidase genebearing 
replication-deficient adenoviral vector in accordance with an embodiment 
of the present invention. 

FIG . 6 is executed in color and depicts neural progenitor cells infected 
with green fluorescent protein (GFP) bearing double herpes simplex virus 
type I in accordance with an embodiment of the present invention. 

FIG. 7 is executed in color and depicts neurospheres generated from 
primary fetal brain culture in accordance with an embodiment of the 
present invention. FIG. 7A depicts neural progenitor cells grown into 
spherical aggregates. FIG. 7b depicts ***nestin*** expression by 
these neurospheres (nuclei counterstained with DAPI) . Neurons expressed 
beta-Ill tubulin, astrocytes expressed ***gp^p*** 3 and 
oligodendrocytes expressed CNPase (FIGS. 7C, 70, and 7E, respectively). 
FIG. 7f depicts expression of beta-gal actosidase by neural progenitor 
cells infected in vitro with AdLacZ. Magnification 400 x for FIGS. 7B, 
7C, 70, and 7E; 100 x for FIGS. 7A and 7F. 

FIG. 8 is executed in color and depicts an intra-arterial delivery of 
neural progenitor cells into an experimentally induced ischemic lesion in 
accordance with an embodiment of the present invention, single cells are 
distributed widely throughout the brain tissue (FIG. 8A) . Transplanted 
cells exhibit tropism for injured basal ganglia (FIG. 8B; at 400 x 
magni f i cat i on) . 

FIG. 9 is executed in color and depicts neural progenitor cells tracking 
tumor cells in vivo in accordance with an embodiment of the present 
invention. FIG. 9A depicts a thin outgrowth of tumor cells deep into 
adjacent normal brain. FIG. 9B depicts a direct extension of tumor mass 
into adjacent tissue. FIG. 9c depicts a migration of glioma cells away 
from the primary tumor bed along a white matter tract. FIG. 9D depicts a 
tumor microsatell ite independent of a main tumor mass. FIG. 9E depicts a 
high power photomicrograph of the microsatellite depicted in FIG. 9D; 
further depicting beta-gal actosidasepositive neural progenitor cells 
interspersed with tumor cells, fig. 9f shows an inoculation of neural 
progenitor cells (left panel) and a tumor mass (right panel) into which 
neural progenitor cells migrated from the opposite hemisphere (inset 
box). Neural progenitor cells appear blue (expressing betagal actosidase) , 
whereas tumor cells appear red (hypercellular areas stained intensively 
with neural red), "t" represents tumor mass, outgrowths, and 
microsatellites . Arrows indicate disseminating neural progenitor cells 
closely following migrating pockets of tumor. 

FIG. 10 is executed in color and depicts intratumoral CD4+ and CD8+ T-cell 
infiltration in accordance with an embodiment of the present invention. 
FIG. 10A depicts a flow cytometry analysis demonstrating intratumoral 
T-cell infiltration in brain tissue treated with neural progenitor cells 
secreting IL12 (left panel) and 3T3-IL-12 (center panel), and a 
comparative lack of infiltration in tissue treated with neural progenitor 
cells secreting LacZ (right panel). CD4+ (left panel) and CD8+ (right 
panel) intratumoral infiltration is depicted in tissue treated with 
neural progenitor cells secreting 3T3-IL-12, LacZ, and IL-12 (FIGS. 10B, 
10C, and 10D, respectively). Aggregates appeared along the tumor/normal 
tissue boundary in tissue treated with neural progenitor cells secreting 
IL-12 (FIG. 10D, arrows indicate aggregates). FIG. 10E depicts a 
comparison of Tcell infiltration in comparable outgrowths from a primary 
tumor bed for tissue treated with neural progenitor cells secreting IL-12 
and 3Y3-IL-12 (FIGS. 10E, left and right panels, respectively). "T rf 
designates tumor and "N" designates normal brain tissue. Magnification 
100 x for FIGS. 10B, 10C, and 10D, and 200 x for FIG. 10E. 

FIG. 11 is executed in color and depicts transplantation of neural 
progenitor cells expressing GFP into rat hippocampus in accordance with 
an embodiment of the present invention. FIG. 11A depicts a migration of 
transplanted cells (green). FIG. 11B depicts individual cells expressing 
NSE (red) and GFP together with NSE (yellow). Transplanted cells were 
stained for NSE and exhibit GFP (green), NSE (red), and the merged image 
of green fluorescent protein (GFP) and NSE (green and red) (FIGS. 11c, 
11D, and HE, respectively). Magnification 100 x for FIG. llA; 630 x for 
FIG. 11b; and 200 x for FIGS. 11c, 11d, and 11E. 

fig. 12 is executed in color and depicts neural progenitor cells, stained 
for LacZ, seen in the tumor outgrowth migrating out from the main tumor 
mass at 10 x (FIG. 12A) and 40 x (FIG. 12 B) magnification. The sections 
were counterstained with hematoxylin. 
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FIGS. 1A-I. Differentiation and isolation of neural precursors from ES 
cells. (FIG. 1A) An attached EB grown in the presence of FGF2 for 5 days 
shows flattened cells at the periphery and small elongated cells 
congregated in the center. (FIG. 1b) By 7 days, many rosette formations 
(arrows) appeared in the differentiating EB center. The up-right inset is 
the 1-mu m section of the rosette stained with toluidine blue, showing 
columnar cells arranged in a tubular structure. Bar=20 mu m. (FIGS. lc-E) 
Cells in a cluster of rosettes (low left) and a small forming rosette 
(center) are positive for ***nestin*** (FIG. lc) and Musashi-1 (fig. 
ID) whereas the surrounding flat cells are negative. (FIG. IE) A combined 
image of FIG. lc and FIG. ID with all cell nuclei labeled with DAPI. 
(FIG. IF) After treatment with dispase for 20 minutes, the rosette 
formations retracted whereas the surrounding flat cells remained 
attached. (FIGS. lG-I) Isolated cells are positively stained for 

***nestin*** in a filamentous pattern (FIG. 1G) , Musashi-1 in cytoplasm 
(FIG. 1H) , and PSA-NCAM mainly on membrane (FIG. ll) . All nuclei are 
stained with DAPI. Bar=100 mu m. 

FIGS. 2A-G. Characterization of ES cell-derived neural precursors in 
vitro. (FIG. 2A) Brdu incorporation by dissociated ES cell-derived neural 
precursors is elevated in the presence of FGF2 (20 ng/ml) but not with 

*** EGF *** (20 ng/ml) or LIF (5 ng/ml). This is representative data from 
one of 3 replicate experiments. * indicates difference between the 
experimental group and the control group (p less-than 0.01, n=4, student 
t-test) . (FIG. 2B) Differentiation of a cluster of ES cell-derived neural 
precursors for 3 weeks shows neurite bundles with cells migrating along 
them. (FIG. 2C) Immunostaining after 3 weeks of differentiation indicates 
that the majority of cells are beta lll-tubulin+ neurons (red) and that 
only a few cells are ***gfap*** + astrocytes (green). (FIG. 2D) After 
45 days of differentiation, many more ***gfap*** + astrocytes (green) 
appear along with NF200+ neurites (red, yellowish due to overlapping with 
green ***gfap*** ). (FIGS. 2E-G) ES cell-derived neurons with various 
morphologies express distinct neurotransmitters such as glutamate (FIG. 
2E), gaba (fig. 2f) and the enzyme tyrosine hydroxylase (fig. 2g) . 04+ 
oligodendrocytes (arrows) are observed after 2 weeks of differentiation 
in a glial differentiation medium. Bar=100 mu m. 

FIGS. 3A-K. Incorporation and differentiation of ES cell -derived neural 
precursors in vivo. Grafted cells are detected by in situ hybridization 
with a probe to the human alu-repeat element (FIGS. 3A-E, G) or an 
antibody to a human-specific nuclear antigen (FIG. 3F) . (FIG. 3A) 
Individual donor cells in the host cortex of an 8-week-old recipient 
(arrows). (FIG. 3B) Extensive incorporation of ES cell-derived neural 
precursors in the hippocampal formation. Cells hybridized with the human 
alu probe are labeled with red dots (pseudo-colored). (FIG. 3c) 
Incorporated human cells in the vicinity of the hippocampal pyramidal 
layer at P14. (FIG. 3D) ES cell-derived cells in the septum of a 
4-week-old recipient mouse. (FIG. 3E) High power view of an individual 
donor cell in the hypothalamus. Note the seamless integration between 
adjacent unlabeled host cells. (FIG. 3F) Donor cells in the striatum of a 
4-week-old host, detected with an antibody to a human-specific nuclear 
antigen. (FIG. 3G) Extensive migration of transplanted cells from the 
aqueduct into the dorsal midbrain. (FIG. 3H) Human ES cell derived neuron 
in the cortex of a 2-week-old host, exhibiting a polar morphology and 
long processes. The cell is double labeled with antibodies to a 
human-specific nuclear marker (green) and beta Ill-tubulin (red). (FIG. 
3l) Network of donor-derived axons in the fimbria of the hippocampus, 
identified with an antibody to human neurofilament. (FIG. 33) 
Donor-derived multipolar neuron, double labeled with an antibody 
recognizing the a and b isoforms of MAP2. (FIG. 3K) ES cell-derived 
astrocyte in the cortex of a 4-week-old animal, double labeled with the 
human nuclear marker (green) and an antibody to ***gfap*** (red). 
Note that all the double label ings are confocal images and are confirmed 
by single optical cuts. Bars: FIG. 3A, FIG. 3B, FIG. 3G 200 mu m; FIG. 
3C, FIG. 3D 100 mu m; FIG. 3E, FIG. 3F, FIGS. 3H-K 10 mu m. 
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Gl 31 Figure(s) . 

figs. 1A-1G are photographs showing that mouse skin-derived MSCs are 

nestinpositive and are capable of differentiating into neurons, glia, and 

smooth muscle cells. 
FIG. 2 is a series of photographs showing that neonate and adult mouse 

skin-derived MSCs express both ***nestin*** (middle row) and 

fibronectin protein (bottom row). 
FIG. 3A is a series of photographs showing western blot analysis for 
***nestin*** , neurofilament M (NF-M) and ***gfap*** in cells 

differentiated from neonate and adult mouse skin-derived MSCs. 
FIG. 3B is a series of photographs showing that human skinderived MSCs 

express ***nestin*** 
FIG. 3C is a series of photographs showing that a subset of 

morphologically complex cells expressed ***nestin*** and beta 

tubulin, a profile typical of newly-born neurons. 

FIG. 3D is a series of photographs showing that GFP positive cells are 

also positive for neuron-specific enolase. 
FIG. 4A is a photograph showing the expression of A2B5, a marker for 

oligodendrocyte precursors, on undifferentiated mouse skinderived MSCs . 
FIG. 4B is a photograph showing the expression of the oligodendrocyte 

marker galactocerebroside (Gaic) on cells differentiated from mouse 

skin-derived MSCs. 
FIG. 5 is a series of photographs showing that the fate of mouse 

skin-derived MSCs can be manipulated by controlling plating conditions. 
FIG. 6 is a series of photographs showing that neonate and adult mouse 

skin-derived MSCs can differentiate as adipocytes. 

FIGS. 7A and 7b are photographs showing that ***nestin*** -positive, 
fibronectin-positive MSCs can be derived from mouse dermis. 

FIGS. 8A and 8B are photographs showing that individual MSCs are 
multipotent. Clones derived from single cells contained NF-Mpositive 
cells (arrowheads) and CNPase-positive cells (arrows). Arrowheads 
indicate cells that only express ***gfap*** , while arrows indicate 
cells expressing both ***gfap*** and CNPase. 

FIGS. 9A and 9B are photographs of western blot analysis of cells 
differentiated from mouse skin-derived MSCs (FIG. 9A) or of MSCs 
themselves (FIG. 9B) . 

FIG. 10 is a series of photographs showing the effect of various 

pharmacological agents on mouse skin-derived MSCs. 
FIGS. 11A-11E are photographs of immunoprocessed sections of rat brains 

into which mouse skin-derived MSCs were transplanted. 
FIG. 12 shows that ***nestin*** +, fibronectin+skin-derived MSCs 

isolated from adult human scalp differentiate into cells that express a 

variety of neural and non-neural markers, as measured by 

immunocytochemistry with antibodies to beta Ill-tubulin (A), CNPase (B) , 

and smooth muscle actin (c) , and ***qpap*** (d) . 
fig. 13 are photographs of skin-derived stem cells plated in 15% fbs in 

the presence of skeletogenic supplements and cultured for two weeks. The 

cells are stained with Alcian Blue which reveals nodules of 

chondrocyte-associated acidic proteoglycans. 
fig. 14 are photographs of skin-derived stem cells plated in 15% FBS in 

the presence of skeletogenic supplements and cultured for three weeks. 

The cells are stained with Alizarin Red which identified 

osteoblast-associated calcium accumulations. 

fig. 15 are photographs of skin-derived stem cells plated in 15% FBS in 
the presence of skeletogenic supplements, cultured for three weeks, and 
co-stained with both Alcian Blue and Alizarin Red. Co-staining reveals 
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FIG. 16 are photographs of skin-derived stem cells plated in 15% FBS in 
the presence of skeletogenic supplements and cultured for 4-5 weeks, and 
demonstrate the formation of optically dense deposits indicative of bone 
formation . 

FIG . 17 shows that co-culture of GFP labeled skin-derived stem cells with 
cardiac myocytes induces expression of fetal cardiac actin. The 
expression of fetal cardiac actin co-localizes with GFP indicating that 
the differentiated cell is derived from the skin-derived stem cell. 

FIG. 18 shows that co-culture of GFP labeled skin-derived stem cells with 
C2C12 cells induces expression of desmin. The expression of desmin 
co-localizes with GFP, and the morphology of this desmin expressing cell 
is indicative of a skeletal muscle cell. 

fig. 19 shows rt-pcr analysis of skin-derived MSCs grown in spheres (S) , 
plated in proliferation media for three days (3d), or plated in 
proliferation media for three days followed by two days in 5% serum 
(3d+2) . The skin-derived MSCs express ***nestin*** , GATA-4, and Myf6. 
Positive controls (+ve) are: E10 brain (for ***nestin*** ), embryoid 
bodies (for GATA-4), and muscle (for Myf 6) . 

FIG. 20 shows that skin-derived MSCs express endodermal markers under 
certain differentiation conditions, skin-derived MSCs were cultured under 
standard proliferation conditions in the presence or absence of B-27 
supplement. Differentiation was induced by plating cells in the presence 
of nicotinamide, and the resulting differentiated cells were analyzed by 
quantitative RT-PCR. The graph demonstrates that skin-derived MSCs 
differentiated in the presence of nicotinamide express several markers of 
endodermal differentiation including GATA-4, HNF3 alpha, Isll, AFP, HNF3 
beta, Ngn3, Pdx-1, and Insulin. Although cells proliferated in either the 
presence or the absence of B27 supplement can be induced to express 
endodermal markers, cells proliferated in B27 appear to express such 
markers to a higher degree. 

FIG. 21 shows that agents, including therapeutic proteins and small 
molecules, influence the proliferation, differentiation, and/or survival 
of skin-derived stem cells. Cells were dissociated and plated in the 
presence of either 5% FBS, 5% FBS+retinoic acid (RA) , or 5% FBS+BMP7 . 
Cells were analyzed immunocytochemically for expression of neurofilament 
M (NFM) . Note the bottom panels shows a 40 x magnification of the cells. 

FIG. 22 shows that the skin-derived stem cells of the invention are a cell 
population distinct from mesenchymal stem cells. Mesenchymal stem cells 
and skin-derived stem cells were cultured under identical conditions, and 
immunocytochemical analysis was performed using antibodies to 

***nestin*** , fibronectin, vimentin, and cytokeratin. The top panels 
are photographs of mesenchymal stem cells, and the bottom panels are 
photographs of the skinderived stem cells. Note not only the differences 
in protein expression, but also the differences in morphology between the 
two cell types. 

FIG. 23 shows that skin-derived stem cells isolated from human foreskin 
proliferate as non-adherent clusters in culture. The top panels show that 
skin-derived stem cells specifically isolated from the dermal layer of 
human foreskin proliferate as non-adherent clusters, in contrast to human 
central nervous system derived stem cells, the survival and proliferation 
of human skin-derived stem cells is not dependent on LIF. The bottom 
panels show that skin-derived stem cells isolated from foreskin express 
***nestin*** and fibronectin. 

FIG. 24 shows that skin-derived stem cells isolated from human foreskin 
differentiate to form highly morphologically complex neurons as assayed 
by expression of blll-tubulin and neurofilament-M (NF-M) . 

FIG. 25 shows that skin-derived stem cells isolated from human foreskin 
differentiate to form glial cells as assayed by expression of 
***GFAP*** and CNP. 

FIG. 26 shows that skin-derived stem cells isolated from human foreskin 
differentiate to form additional neuronal cells types as assayed by 
expression of S100 and peripherin. S100 is a marker of bipolar cells and 
peripherin is a marker of peripheral neurons. 

fig. 27 shows that skin-derived stem cells isolated from human foreskin 
differentiate to form non-neural cell types as assayed by expression of 
smooth muscle actin. 
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FIGS. 1A and IB: The monoclonal nature of each putative human neural stem 
cell (NSC) clone is confirmed by demonstrating a single retroviral 
insertion site within the genomes of each. (A) Genomic DNA from the 
putative human nsc clone Hi (which was propagated in bFGF and 
subsequently transduced with a retrovirus encoding lacZ and neo) was 
digested with Hind III (which cuts only once within the provirus) and 
incubated with a radiolabeled nucleotide probe complementary to neo. 
Monoclonal derivation is confirmed by the presence of a single integrated 
retrovirus with an integration site common to all cells in the colony 
indicating that they were derived from a single infected "parent" cell 
(arrow). As a positive control, the murine NSC clone C17.2 which contains 
2 integrated retroviruses encoding neo (one from an integrated 
vmyc-encoding retrovirus and one from a separate lacZ-encodi ng 
retrovi rusl3 ,28 appropriately shows 2 bands (arrows). Specificity of the 
probe is demonstrated by the negative control, the human meduloblastoma 
cell line DaOY, which, having not been infected with a retrovirus, shows 
no neo sequences in its genome and hence no hybridization product. (B) 
Genomic DNA from putative clones H9, H6, D10, and C2 (human NSC colonies 
propagated in bFGF and/or ***egf*** and then subsequently infected 
with a retrovirus encoding the propagating gene vmyc) were digested with 
Bql II or Bam HI (each of which cuts only once within the provirus) and 
then subjected to Southern analysis utilizing a probe complementary to 
the proviral vmyc. Single retroviral integration sites are appreciated in 
all colonies confirming the monoclonal nature of each putative clone. The 
murine NSC clone C17.2, which contains a single copy of vmycl3,28 and 
serves as a positive control, also has one band. As in (A), the negative 
control non-vi rally infected human DaOY cells, have no bands. 

FIGS. 2A-2E: Characterization of human neural stem cells (NSCs) in vitro. 
(A) NSCs tend to grow as clusters in serum-free bFGFsuppl emented medium. 
They differentiate spontaneously into neurofilament-immunoreactive 
neurons (B) or CNPaseimmunoreacti ve oligodendrocytes (c) when transferred 
to serumcontaining medium, or into ***gfap*** -expressing astrocytes 
when cocultured with primary murine CNS cultures (and identified with a 
human-specific anti- ***gfap*** antibody) as, for example in (D) , 
illustrating a typical type-1 protoplasmic astrocyte. Hence, a single 
clone has the potential for generating cells of all neural lineages 
("mul ti potency ') . New immature, undifferentiated, vimentin-immunoreactive 
NSCs (E) are present in clones under all conditions, suggesting the 
ability of a clone to "self-renew" (i.e., produce new multipotent NSCs). 

FIGS. 3A-3N: Human neural stem cells (NSCs) are capable of complementing a 
prototypical gene product deficiency (e.g., beta-hexosaminidase-A) in 
neural cells of multiple lineages in which the gene is mutated (e.g., 
brain cells from Tay-Sachs mice). As a proof of principle that human NSCs 
(like murine NSCs) are capable of cross-correcting a neurogenetic defect, 
neural cells from the brains of mice with the prototypical neurogenetic 
disorder Tay-Sachs disease, generated via targeted mutagenesis of the 
alpha-subunit of beta-hexosami nidase resulting in absence of 
hexosaminidase-A39 , were exposed to secreted gene products from human 
NSCs to assess their ability to effect complementation of the defect. 
(A-C) Hexosaminidase activity as determined by nasbg histochemistry 
(Nomarski optics) . Functional hexosaminidase produces a red-pink 
precipitate with an intensity proportional to the level of activity. (A) 
Tay-Sachs neural cells (arrows) not exposed to NSCs have no, or minimal, 
detectable hexosaminidase. (A small number of faintly pink NASBG+ cells 
are occasionally observed reflecting low residual hexosaminidase-B 
activity). In comparison, Tay-Sachs neural cells exposed to secretory 
products from murine NSCs (e. g., clone C17.2H) (b) or from human NSCs 
(c) now stain intensely red (wildtype intensity) suggesting that they 
have been cross-corrected, i.e., have internalized significant amounts of 
functionally active hexosaminidase from the NSCconditioned medium. (D-L) 
To help determine which neural cell types from the Tay-Sachs brain were 
cross-corrected, primary dissociated Tay-Sachs neural cells which had 
been co-cultured in a transwell system with human NSCs (as in (c)) were 
reacted both with a fluorescein-labeled antibody to the human a-subunit 
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respectively). Photomicroscopy through a dual filter confirmed 
co-local izaton of the al pha-subunit with the celltype markers O-L, 
respectively). A subset of these now al phasubunit-positive corrected 
cells (D) were neurons, as indicated by their expression of the neuronal 
marker NeuN (G,J); a subset of the alpha-subunit+cells (E) were glial, as 
illustrated by their co-expression of the glial marker ***gfap*** 
(h,k); and a subset of the alpha-subunit+cells (F) were immature, 
undifferentiated CNS precursors, as indicated by the presence of the 
intermediate filament ***nestin*** (l,L). (untreated cells from a 
Tay-Sachs brain do not stain for the al pha-subunit) . (M) Percentage of 
successfully rescued (i.e., NASBG+) primary TaySachs neural cells as seen 
in (A-c) . me number of "untreated" Tay-Sachs alpha-subunit-null cells 
(-/-) (i.e., unexposed to NSCs) that were NASBG+(lst histogram) was quite 
low. (That the percentage is not 0 reflects some low residual 
hexosaminidase-B activity in mutant cells that is sometimes sufficient 
enough in some cells to produce a pale pink scoreable cell), in contrast, 
among Tay-Sachs neural cells "treated" with secretory products from 
murine NSCs (C17.2) (2nd histogram), murine NSCs engineered to 
over-express hexosaminidase (C17.2H) (3rd histogram), or human NSCs (4th 
histogram), the percentage of cross-corrected, nexosaminidase-containing 
cells was significantly increased (p less-than 0.01). The NSCs did not 
significantly differ from each other in their ability to effect this 
rescue. (NASBG staining of neural cells from a wildtype mouse served as a 
positive control and were nearly 100% NASBG+, histogram not presented). 
(N) Complementation of gene product deficiency results in rescue of a 
pathologic phenotype in mutated neural cells, as illustrated by 
percentage of Tay-Sachs CNS cells with diminished GM2 accumulation. Among 
Tay-Sachs cells not exposed to NSCs (1st histogram), the percentage of 
GM2+cells was large reflecting their pathologically high level of storage 
and consistent with a lack of enzyme as per (M) . In contrast, the 
percentage of cross-corrected Tay-Sachs cells without detectable GM2 
storage following exposure to murine (2nd and 3rd histograms, as in (M)) 
or human NSCs (4th histogram) was significantly lower than in the mutant 
(p lessthan 0.01), approaching that in wildtype (+/+) mouse brain (5th 
histogram). Again, the NSCs did not significantly differ from each other 
in their ability to effect this rescue. 

FIGS. 4A-4E: Developmentally-appropriate migration of human neural stem 
cells (NSCs) following engraftment into the subventricular germinal zone 
(SVZ) of newborn mice. (A , B) Donorderived human NSCs integrate and 
intermingle nondisruptively with endogenous progenitors within the host 
SVZ by 24 hours after transplantation. A representative donor-derived 
cell with a typical short process (red), highlighted in (A), has 
interspersed with densely packed endogenous SVZ cells, visualized by DAPI 
(blue) in the overlapping image in (B). (c) Two weeks following 
transplantation, many donor-derived cells (red) have migrated extensively 
within the subcortical white matter (arrow) and corpus callosum (c) from 
their site of implantation in the lateral ventricles (LV), as visualized 
in this coronal section. A representative migrating cell within the 
subcortical white matter (arrow), visualized at higher magnification in 
the boxed insert, is noted to have a leading process characteristic of 
migrating precursor cells. (D , E) As seen in this representative cresyl 
violet-counterstained parasagittal section, other donor-derived cells 
migrated from their integration site in the anterior SVZ to enter the 
rostral migratory stream ("RMS") leading to the olfactory bulb ("OB"). 
Representative BrdU-immunoperoxidase-posi tive (brown) donorderived cells 
(arrow) within the RMS, are seen at low power in (D) and visualized at 
higher magnification in (E) , intermixed with migrating host cells. 
Further characterization and visualization of these donor human 
NSC-derived cells in their final location in the OB are presented in FIG. 
5. scale Bars: 100 mu m. 

FIGS. 5A-5Q: Differentiation and disseminated foreign gene ( 
beta-gal actosidase) expression of human neural stem cell (NSC) clones in 
vivo following engraftment into the SVZ of developing, neonatal mice. 
(A-C) stably engrafted, beta-gal actosidase ( beta gal) -expressing, 
donor-derived cells from representative human NSC clone Hi, detected with 
xgal histochemistry (A , B) and with anti-beta gal ICC (c) . The 
donor-derived cells pictured in the series of photomicrographs in (A) are 
within the periventricular and subcortical white matter regions (as per 
FIG. 4). (The top and bottom panels-low power on the left, corresponding 
high power on the right-are from representative semi -adjacent regions 
within a single recipient, suggesting a significant distribution of 
cells; arrows indicate the lateral ventricles). Furthermore, as 
illustrated in (B,c) by representative high power photomicrographs 
through the olfactory bulb (ob) (located as in FIG. 4d) , donor-derived 
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this distant location (i.e., in a disseminated fashion in vivo). The 
normal fate of a subpopulation of SVZderived progenitors that have 
migrated to the OB at this developmental stage is to become neuronal In 
(D-G) , donorderived neurons in the mature OB, derived from BrdU-labeled 
NSCs (representative clone H6 implanted into the svz at birth, are 
identified by both their immunoreactivi ty to a humans pecific NF antibody 
(D) as well as their expression of the mature neuronal marker, NeuN 
(E-G) ; under confocal microscopy, a Brdu+ (hence, donor-derived) cell 
(arrow in (E) , fluorescein) is NeuN+ (arrow in (F) , Texas Red) 
appreciated best with a dual filter (arrow in (G)). Adjacent to this 
representative donorderived Brdu+/NeuN+ neuron (arrow), are 2 host OB 
neurons (Brdu/NeuN+ in (G)) which share a similar size, morphology, and 
location with the donor-derived cell (arrow in F) . (H,I) High power view 
of a representative donor-derived (clone H6) oligodendrocyte (arrow), 
appropriately in the adult subcortical white matter (as per FIG. 4C) 
following neonatal intraventricular implantation, double-labeled with an 
antibody to the oligodendrocyte-specific protein CNPase (H) and BrdU (I), 
characteristic cytoplasmic processes extending from the soma are noted 
(arrowhead in (H)). The morphology of the CNPase+cell has been somewhat 
damaged by the HCl pre-treatment required for BrdU double-labeling). (J) 
Mature donor-derived astrocytes (clone H6) in the adult subcortical white 
matter (arrow) (as per FIG, 4C) and striatum following neonatal 
intraventricular implantation, identified with a human-specific anti- 

***GFAP*** antibody. The inset better illustrates at higher 
magnification the characteristic mature astrocytic morphology of a 
representative human- ***gfap*** -fcell . (K-Q) Expression of vmyc is 
downregulated within 48 hours following engraftment. (K) , (M) , and (o) 
are DAPI-based nuclear stains of the adjacent panels (L) , (N) , and (P, 
Q) , respectively. Representative human NSC clone H6 was generated (as was 
the well -characterized murine NSC clone C17.2) with the propagating gene 
vmyc. vmyc immunoreactivi ty in H6-derived cells (red) in the SVZ (arrows) 
at 24 hours following engraftment ((L) and at higher power in (N)) , is 
persistently absent (P) in integrated H6-derived cells (visualized by 
BrdU labeling in (Q) (shown here 3 weeks following transplantation, but 
representative of any point 24 hours after engraftment). Scale Bars: (A), 
(K) and applies to (L) : 100 mu m; (D) , (E) and applies to (F , G) , (H) and 
applies to (I), (J) , (M) and applies to (N) : 10 mu m; ()) and applies to 
(P,Q) : 50 mu m 

FIGS. 6A-63: Neuronal replacement by human neural stem cells (NSCs) 
following transplantation into the cerebellum of the granule 
neuron-deficient meander tail (mea) mouse model of neurodegeneration. 
(A-G) Brdu-intercalated, donor-derived cells (from representative clone 
H6) identified in the mature cerebellum by anti-Brdu immunoperoxidase 
cytochemistry (brown nuclei) following implantation into the neonatal mea 
external germinal layer (EGL) . (The EGL, on the cerebellar surface, 
disappears as the internal granule layer (IGL) emerges to become the 
deepest cerebellar cortical layer at the end of orqanogenesisl3) (A) 
Clone H6-derived cells are present in the IGL ("igl"; arrowheads) of all 
lobes of the mature cerebellum in this parasagittal section. (Granule 
neurons are diminished throughout the cerebellum with some prominence in 
the anterior lobe). (B) Higher magnification of the representative 
posterior cerebellar lobe indicated by arrowhead "b" in (A), 
demonstrating the large number of donor-derived cells present within the 
recipient IGL. (C-G) increasing magnifications of donor-derived cells 
(brown nuclei) within the IGL of a mea anterior cerebellar lobe. 
(Different animal from that in (A, B) .) (G) Normarski optics bring out 
the similarity in size and morphology of the few residual host, 
Brdu-negati ve cerebellar granule neurons (arrowheads) and a Brdu+, 
donor-derived neuron (arrow), which is representative of those seen in 
all engrafted lobes of all animals.) (H,l) Confirmation of the neuronal 
differentiation of a subpopulation of the donor-derived, BrdU+cells from 
(A-G) is illustrated by co-labeling with antiBrdU (green in H) and the 
mature neuronal marker NeuN (red in I) (indicated with corresponding 
arrows). (Some adjacent, donorderived cells are non-neuronal as indicated 
by their BrdU+ (arrowhead in (H)) but NeuN-phenotype (also illustrating 
the specificity of the immunostaining) . (J) Cells within the IGL are 
confirmed to be human donor-derived cells by FISH with a human-specific 
probe (red) identifying human chromosomal centromeres. Scale Bars: (A), 
(B): 100 mu m; (F) , (G) , (3): 10 mu m! 
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FIGS, 1A and B: The monoclonal nature of each putative human neural stem 
cell (NSC) clone is confirmed by demonstrating a single retroviral 
insertion site within the genomes of each. ((A) Genomic DNA from the 
putative human NSC clone Hi (which was propagated in bFGF and 
subsequently transduced with a retrovirus encoding lacz and neo) was 
digested with Hind III (which cuts only once within the provirus) and 
incubated with a radiolabeled nucleotide probe complementary to neo. 
Monoclonal derivation is confirmed by the presence of a single integrated 
retrovirus with an integration site common to all cells in the colony 
indicating that they were derived from a single infected "parent 11 cell 
(arrow). As a positive control, the murine NSC clone C17.2 which contains 
2 integrated retroviruses encoding neo (one from an integrated 
vmyc-encoding retrovirus and one from a separate lacz-encoding 
retrovi rusl3 ,28 appropriately shows 2 bands (arrows), specificity of the 
probe is demonstrated by the negative control, the human medulobl astoma 
cell line DaOY, which, having not been infected with a retrovirus, shows 
no neo sequences in its genome and hence no hybridization product. (B) 
Genomic DNA from putative clones H9, H6, D10, and C2 (human NSC colonies 
propagated in bFGF and/or ***egf*** and then subsequently infected 
with a retrovirus encoding the propagating gene vmyc) were digested with 
Bql II or Bam HI (each of which cuts only once within the provirus) and 
then subjected to Southern analysis utilizing a probe complementary to 
the proviral vmyc. single retroviral integration sites are appreciated in 
all colonies confirming the monoclonal nature of each putative clone. The 
murine NSC clone C17.2, which contains a single copy of vmycl3.28 and 
serves as a positive control, also has one band. As in (A), the negative 
control non-vi rally infected human DaOY cells, have no bands. 

FIGS. 2A-2E: characterization of-human neural stem cells (NSCs) in vitro. 
(A) NSCs tend to grow as clusters in serum-free bFGFsupplemented medium. 
They differentiate spontaneously into neurofilament-immunoreactive 
neurons (B) or CNPaseimmunoreactive oligodendrocytes (c) when transferred 
to serumcontaining medium, or into ***gfap*** -expressing astrocytes 
when cocultured with primary murine CNS cultures (and identified with a 
human-specific anti- ***gfap*** antibody as, for example in (D) , 
illustrating a typical type-1 protoplasmic astrocyte. Hence, a single one 
has the potential for generating cells of all neural lineages 
("mul ti potency") . New immature, undifferentiated, vimentin-immunoreactive 
NSCs (E) are present in clones under all conditions, suggesting the 
ability of a clone to "selfrenew" (i.e., produce new multipotent NSCs). 

FIGS. 3A-3N: Human neural stem cells (NSCs) are capable of complementing a 
prototypical gene product deficiency (e.g., beta-hexosaminidase-A) in 
neural cells of multiple lineages in which the gene is mutated (e.g., 
brain cells from Tay-Sachs mice). As a proof of principle that human NSCs 
(like murine NSCs) are capable of cross-correcting a neurogenetic defect, 
neural cells from the brains of mice with the prototypical neurogenetic 
disorder Tay-Sachs disease, generated via targeted mutagenesis of the 
alpha-subunit of beta-hexosami nidase resulting in absence of 
hexosaminidase-A39, were exposed to secreted gene products from human 
NSCs to assess their ability to effect complementation of the defect. 
(A-C) Hexosaminidase activity as determined by NASBG histochemistry 
(Nomarski optics) . Functional hexosaminidase produces a red-pink 
precipitate with an intensity proportional to the level of activity. (A) 
Tay-sachs neural cells (arrows) not exposed to NSCs have no, or minimal, 
detectable hexosaminidase. (A small number of faintly pink NASBG+cells 
are occasionally observed reflecting low residual hexosaminidase-B 
activity), in comparison, Tay-Sachs neural cells exposed to secretory 
products from murine NSCs (e. g., clone C17.2H) (B) or from human NSCs 
(c) now stain intensely red (wildtype intensity) suggesting that they 
have been cross-corrected, i.e., have internalized significant amounts of 
functionally active hexosaminidase from the NSCconditioned medium. (D-L) 
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been co-cultured in a transwell system with human NSCs (as in (c)) were 
reacted both with a fl uorescei n-labeled antibody to the human 
alphasubunit of hexosaminidase (D-F) and with antibodies to neural cell 
type-specific antigens (visualized by a TR-tagged secondary antibody) 
(G-I, respectively). Photomicroscopy through a dual filter confirmed 
co-localization of the alphasubunit with the cell-type markers O-L, 
respectively). A subset of these now alpha-subunit-positive corrected 
cells (D) were neurons, as indicated by their expression of the neuronal 
marker New N (G,J); a subset of the al pha-subunit+cells (E) were glials 
as illustrated by their co-expression of the glial marker ***gfap*** 
(H,K); and a subset of the alpha-subunit+cells (F) were immature, 
undifferentiated CNS precursors, as indicated by the presence of the 
intermediate filament ***nestin*** (I,L). (Untreated cells from a 
Tay-Sachs brain do not stain for the asubunit). (M) Percentage of 
successfully rescued (i.e., NASBG+) primary Tay-Sachs neural cells as 
seen in (A-C) . The number of "untreated" Tay-Sachs al pha-subunit-null 
cells (-/-) (i.e., unexposed to NSCs) that were NASBG+(lst histogram) was 
quite low. (That the percentage is not 0 reflects some low residual 
hexosaminidase-B activity in mutant cells that is sometimes sufficient 
enough in some cells to produce a pale pink scoreable cell). In contrast, 
among Tay-Sachs neural cells "treated" with secretory products from 
murine NSCs (C17.2) (2nd histogram), murine NSCs engineered to 
over-express hexosaminidase (C17.2H) (3rd histogram), or human NSCs (4th 
histogram), the percentage of cross-corrected, nexosaminidasecontaining 
cells was significantly increased (p less-than 0.01). The NSCs did not 
significantly differ from each other in their ability to effect this 
rescue. (NASBG staining of neural cells from a wildtype mouse served as a 
positive control and were nearly 100% NASBG+, histogram not presented). 
(N) Complementation of gene product deficiency results in rescue of a 
pathologic phenotype in mutated neural cells, as illustrated by 
percentage of Tay-Sachs CNS cells with diminished GM2 accumulation. Among 
Tay-Sachs cells not exposed to NSCs (1st histogram), the percentage of 
GM2+cells was large reflecting their pathologically high level of storage 
and consistent with a lack of enzyme as per (M) . in contrast, the 
percentage of cross-corrected Tay-Sachs cells without detectable GM2 
storage following exposure to murine (2nd and 3rd histograms, as in (M)) 
or human NSCs (4th histogram) was significantly lower than in the mutant 
(p less-than 0.01), approaching that in wildtype (+/ +) mouse brain (5th 
histogram). Again, the NSCs did not significantly differ from each other 
in their ability to effect this rescue. 

FIGS. 4A-4E: Developmentally-appropriate migration of human neural stem 
cells (NSCs) following engraftment into the subventricular germinal zone 
(svz) of newborn mice. (A , B) Donorderived human NSCs integrate and 
intermingle nondisruptively with endogenous progenitors within the host 
svz by 24 hours after transplantation. A representative donor-derived 
cell with a typical short process (highlighted in (A), has interspersed 
with densely packed endogenous svz cells, visualized by DAPI (blue) in 
the overlapping image in (B) . (C) Two weeks following transplantation, 
many donor-derived cells (red) have migrated extensively within the 
subcortical white matter (arrow) and corpus callosum (c) from their site 
of implantation in the lateral ventricles (LV) , as visualized in this 
coronal section. A representative migrating cell within the subcortical 
white matter (arrow), visualized at higher magnification in the boxed 
insert, is noted to have a leading process characteristic of migrating 
precursor cells. (D,E) As seen in this representative cresyl 
violet-counterstained parasagittal section, other donorderived cells 
migrated from their integration site in the anterior svz to enter the 
rostral migratory stream ("RMS") leading to the olfactory bulb ("OB"). 
Representative Brduimmunoperoxidase-posi tive (brown) donor-derived cells 
(arrow) within the RMS , are seen at low power in (D) and visualized at 
higher magnification in (E) , intermixed with migrating host cells. 
Further characterization and visualization of these donor human 
NSC-derived cells in their final location in the OB are presented in FIG. 
5. scale Bars: 100 mu m. 

FIGS. 5A-5Q: Differentiation and disseminated foreign gene ( 
beta-gal actosidase) expression of human neural stem cell (NSC) clones in 
vivo following engraftment into the SVZ of developing, neonatal mice. 
(A-c) stably engrafted, beta-gal actosidase ( beta gal) -expressing, 
donor-derived cells from representative human NSC clone Hi, detected with 
Xgal histochemistry (A, B) and with anti-beta gal ice (c) . The 
donorderived cells pictured in the series of photomicrographs in (A) are 
within the periventricular and subcortical white matter regions (as per 
FIG. 4). (The top and bottom panels-low power on the left, corresponding 
high power on the right-are from representative semi-adjacent regions 
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illustrated in (B,C) by representative high power photomicrographs 
through the olfactory bulb (OB) (located as in FIG. 4D) , donor-derived 
cells from this clone have not only migrated extensively to this 
developmentally-appropriate site, but continue to express beta gal in 
this distant location (i.e., in a disseminated fashion in vivo). The 
normal fate of a subpopulation of svzderived progenitors that have 
migrated to the OB at this developmental stage is to become neuronal. 

in (D-G) , donor-derived neurons in the mature OB, derived from 
BrdU-labeled NSCs (representative clone H6) implanted into the SVZ at 
birth, are identified by both their immunoreactivity to a human-specific 
NF antibody (D) as well as their expression of the mature neuronal 
marker, NeuN (E-G) ; under confocal microscopy, a BrdU+(hence, 
donor-derived) cell (arrow in (E) , fluorescein) is NeuN+(arrow in (F) , 
Texas Red) appreciated best with a dual filter (arrow in (g)). Adjacent 
to this representative donor-derived Brdu+/NeuN+neuron (arrow), are 2 
host OB neurons (BrdU-/NeuN+in (G)) which share a similar size, 
morphology, and location with the donor-derived cell (arrow in F) . (H,l) 
High power view of a representative donor-derived (clone H6) 
oligodendrocyte (arrow), appropriately in the adult subcortical white 
matter (as per FIG. 4c) fol lowing neonatal intraventricular implantation, 
double-labeled with an antibody to the ol igodendrocyte-specif ic protein 
CNPase (H) and Brdu (I). Characteristic cytoplasmic processes extending 
from the soma are noted (arrowhead in (H)). (The morphology of the 
CNPase+cell has been somewhat damaged by the HCl pre-treatment required 
for Brdu double-labeling). (J) Mature donor-derived astrocytes (clone H6) 
in the adult subcortical white matter (arrow) (as per FIG. 4c) and 
striatum following neonatal intraventricular implantation, identified 
with a human-specific anti- ***gfap*** antibody! The inset better 
illustrates at higher magnification the characteristic mature astrocytic 
morphology of a representative human- ***GFAP*** +cell. (K-Q) 
Expression of vmyc is downregulated within 48 hours following 
engraftment. (K) , (M) , and (0) are DAPI-based nuclear stains of the 
adjacent panels (L) , (N) , and (P, Q) , respectively. Representative human 
NSC clone H6 was generated (as was the well -characterized murine NSC 
clone C17.2) with the propagating gene vmyc. vmyc immunoreactivity in 
H6-derived cells (red) in the SVZ (arrows) at 24 hours following 
engraftment ((L) and at higher power in (N)), is persistently absent (P) 
in integrated H6-derived cells (visualized by Brdu labeling in (Q) (shown 
here 3 weeks following transplantation, but representative of any point 
24 hours after engraftment). Scale Bars: (A), (K) and applies to (L) : 100 
mu m; (D) , (E) and applies to (F,G), (H) and applies to (I), (J), (M) and 
applies to (N) : 10 mu m; (o)) and applies to (P,Q): 50 mu m 

FIGS . 6A-6J : Neuronal replacement by human neural stem cells (NSCs) 
following transplantation into th cerebellum of the granule 
neuron-deficient meander tail (mea) mouse model of neurodegeneration . 
(A-G) Brdu-intercalated , donor-derived cells (from representative clone 
H6) identified in the mature cerebellum by anti-BrdU immunoperoxidase 
cytochemistry (brown nuclei) following implantation into the neonatal mea 
external germinal layer (EGL) . (The EGL, on the cerebellar surface, 
disappears as the internal granule layer (IGL) emerges to become the 
deepest cerebellar cortical layer at the end of orqanogenesisl3) (A) 
clone H6-derived cells are present in the IGL ("igl"; arrowheads) of all 
lobes of the mature cerebellum in this parasagittal section. (Granule 
neurons are diminished throughout the cerebellum with some prominence in 
the anterior lobe). (B) Higher magnification of the representative 
posterior cerebellar lobe indicated by arrowhead "b" in (A), 
demonstrating the large number of donor-derived cells present within the 
recipient IGL. (C-G) Increasing magnifications of donor-derived cells 
(brown nuclei) within the IGL of a mea anterior cerebellar lobe. 
(Different animal from that in (A, B) .) (G) Normarski optics bring out 
the similarity in size and morphology of the few residual host, 
BrdU-negati ve cerebellar granule neurons (arrowheads) and a BrdU+, 
donor-derived neuron (arrow), which is representative of those seen in 
all engrafted lobes of all animals.) (H,I) Confirmation of the neuronal 
differentiation of a subpopulation of the donor-derived, BrdU+cells from 
(A-G) is illustrated by co-labeling with antiBrdU (green in H) and the 
mature neuronal marker NeuN (red in I) (indicated with corresponding 
arrows). (Some adjacent, donorderived cells are non-neuronal as indicated 
by their BrdlM- (arrowhead in (H) ) but NeuN-phenotype (also illustrating 
the specificity of the immunostaining) . (J) Cells within the IGL are 
confirmed to be human donor-derived cells by FISH with a human-specific 
probe (red) identifying human chromosomal centromeres, scale Bars: ((A), 
(B): 100 mu m; (f) , (G), (j) : 10 mu m! 
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of budding structures (FIG. IB), which will eventually "hatch" generating 
balls of cells floating in the media. These balls can be cultured in 
suspension or disaggregated to for growing on tissue culture plates. 

FIG. 2 shows that the cells are positive for a number of markers 
consistent with neural stem cells including ***nestin*** (FIG. 2A) 
and vimentin (FIG. 2B). 

FIG. 3 shows A) B) phase contract images of FNS cells that have been 
allowed to differentiate by passaging at low density. The cells are 
positive for markers of differentiated neuronal stem cells, c) shows 
differentiated neuronal stem cells expressing ***gfap*** , which is a 
marker of glial cells, using immunofluorescence. D) shows differentiated 
cells expressing beta-tubulin a marker consistent with neurones using 
immunof 1 uorescence . 

FIG. 4 shows the effect of bFGF (FGF2) on FNS cell proliferation. bFGF 
ranging in concentration from 0-50 ng/ml was applied to various passage 
FNS cells (ie passage 2-12). At early passage number the cells show some 
independence of added growth factors which is lost past passage #5. 
Optimal bFGF stimulated proliferation of FNS cells occurs at 
approximately 5 ng/ml. 

FIG. 5 shows the effect of ***egf*** on FNS cell proliferation, 

***EGF*** ranging in concentration from 0-50 ng/ml was applied to 
various passage FNS cells (ie passage 2-12). At early passage number the 
cells show some independence of added growth factors which is lost past 
passage #5. Optimal bFGF stimulated proliferation of FNS cells occurs at 
approximately 5 ng/ml. 

FIG. 6 shows the combined effect of ***egf*** and bFGF on FNS cell 
proliferation: A) Low concentration and B) high concentration. The 
combined effect of ***egf*** and bFGF was tested on FNS cells. An 
optimal concentration of 2-5 ng/ml was observed for each growth factor 
when used in combination. 

FIG. 7 shows long-term culture of FNS cells in the presence of and absence 
0 f ***egf*** or bFGF. while there appears to be some variation 
between the various passages it was generally noted that there was little 
added benefit to adding both ***egf*** and bFGF over adding bFGF 
alone to the culture system. However the FNS cells appear to be more 
responsive to ***egf*** in the early passages. 

FIG. 8 shows the effect of lipid on the propagation of foetal neural stem 
cells. All cells were propagated in the standard Neurobasal A media (with 
supplements) in the presence or absence of the chemically defined lipid 
concentrate (diluted 1:100). 

FIG. 9 shows the characteristics of cells grown in either DMEM/ F12 media 
or Neurobasal A (plus supplements) media with or without the addition of 
the chemically defined lipid supplement. A) DMEM/F12-1 i pid (10 x 
magnification); B) DMEM/F2-1 i pid (32 x magnification); C) DMEM/ F12+1 i pi d 
(10 x magnification); D) DMEM/ Fl2+lipid (20 x magnification); E) 
Neurobasal A-lipid (10 x magnification); F) Neurobasal A-lipid (32 x 
magnification); G) Neurobasal A+lipid (10 x magnification); H) Neurobasal 
A+Tipid (20 x magnification) 

FIG. 10 shows assessment of FNS cell proliferation using Brdu 
incorporation at 160 x magnification. A) and C) shows Brdu incorporation 
into passage #2 and passage #17 cells, respectively; Brdu incorporation 
is visualised using an mouse monoclonal anti-BrdU (Sigma) in combination 
with FITC conjugated goat anti-mouse. Photos are paired-there is one shot 
of Brdu immunofluorescence A) and C) F and one shot of the same cells 
using phase contrast microscopy B) and D) . 

FIG. 11 shows the histology of tumours formed by the injection of PC12 
cells (a neuronal cell tumour line) into scid mice. Tissues were 
collected 19 days after injection and stained with H&E. The tumour 
morphology is consistent with neuroblastoma SCID mice injected with FNS 
cells (passage # 12) failed to display any signs of tumour formation 
after 13 weeks. 
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FIG. 1 is a bar graph. BMSC adherent to culture dishes were treated with 
*** EGF *** (io ng/ml), RA (0.5 mu M) or RA plus BDNF (10 ng/ml) for 7 
days. Each bar represents the mean number (+-SEM) of fibronectin 
immunoreactive cells per visual field (20 x objective) determined in 20 
fields per dish in 4 culture dishes. *=p less-than 0.05, two-tailed 
t-test 

FIGS. 2 A through 2F are photomicrographs of BMSC from lacz mice that have 
been co-cultured with mouse fetal midbrain cells for 2 weeks in N5 medium 
supplemented with cis-9 retinoic acid (0.5 mu M) and BDNF (10 ng/ml). 

figs. 3A through 3F are photomicrographs, which illustrate the migration 
and integration of BMSC into rat midbrain. FIG. 3A (scale bar=500 mu m) 
shows symmetrical distribution despite unilateral grafting into the 
striatum, fig. 3b is a region of the paraventricular nucleus (scale 
bar=100 mu m) . None of the beta-gal+cells are labeled with the red-brown 
stain (TH-ir). FIGS. 3A (scale bar=500 mu m) , 3B (Scale bar=100 mu m) and 
3C (Scale bar=50 mu m) depict cells doubly stained for beta-gal and 
TH-ir. FIGS. 3D (scale bar=50 mu m) and 3E (Scale bar=25 mu m) illustrate 
sections from the red nucleus that have doubly stained for beta-gal and 
NeuN-ir. FIG. 3F (scale bar=25 mu m) illustrates beta-gal+cells from the 
red nucleus also doubly stained for MAP2-ir. 

FIGS. 4A through 4F are photomicrographs of a section from rat cerebellar 
lobule illustrating laminar distribution of betagal+cells in a 
distribution of Purkinje cells, beta-gal+are colabeled with calbindin 
immunoreactivity in FIGS. 4A, 4B, and 4C. (Scale bar=100 mu m in 4A, 50 
mu m in 4B and 25 mu m in 4C) . FIG. 4D shows beta-gal+Purkinje cells 
co-labeled with GAD-ir (Scale bar=50 mu m) . FIG. 4E illustrates dense 
MAP2-ir fibers enveloping beta-gal+Purkinje cells (Scale bar=25 mu m) . 
FIG. 4F illustrates beta-gal+cells co-labeled with NeuN-ir in the deep 
cerebellar nucleus (scale bar=25 mu m) . 

FIGS. 5A through 5D are photomicrographies showing the production of 
markers for fibronectin (FIG. 5A) and differentiated BMSC with nerve cell 
markers (FIGS. 5B, 5C and 5D) . 

FIG. 6 is a Western blot of the lysates of BMSC conditioned with four 
different treatments and labeled with ***gfap*** -ir, ***nestin*** 
and NeuN . BDNF+RA+N5 induced the strongest expression of nerve cell 
markers while glial cell markers was most strongly expressed after N5 
alone. 

FIGS. 7A through 7F are photomicrographs of human BMSC which were 
co-cultured with fetal rat striatal cells in N5 formulation with BDNF+RA. 
These figures show that human BMSC (green labeled in FIGS. 7c and 7D and 
yellow in FIGS. 7E and 7F) can be induced to express neural markers NeuN 
(FIGS. 7A and 7E) and ***gfap*** (FIGS. 7B and 7F) . 

FIG. 8 is a photomicrograph of rat brain, showing that mouse BMSC labeled 
with red PKH26 also express the neuron marker NeuNir (green 
fluorescence). In addition, the morphology of the doubly labeled cells is 
that of neurons. 

FIG. 9 is a photomicrograph of rat brain, showing a doubly labelled glial 
cell. The red fluorescent tracer identifies it as derived from a BMSC, 
and the green fluorescence is due to ***gfap*** -ir. Note the 
morphology is that of a glial cell. 
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FIG . 1A is a graph showing the neural sphere colony forming ability of 
embryonic stem (ES) cells cultured at 20 cells/ul in chemically defined 
serum free media in the presence of various cytokines and growth factors 
and combinations thereof. The inset shows a light microscope photograph 
of an ES cell derived neural colony after 7 days in culture. 

FIG. IB is a graph showing limiting dilution analysis of the frequency of 
neural sphere colony formation from ES cells in the presence of LIF. 

FIG. lc shows inverted fluorecence microscope photographs of 
differentiated ES-cell derived sphere colonies, immunocytochemically 
labelled for the neural precursor marker ***nestin*** after 3 or 7 
days in vitro. 

FIG. ID is a graph showing the secondary, tertiary and quaternary neural 
stem cell colony forming ability of cells dissociated from primary neural 
colonies and cultured in the presence of exogenous LIF, FGF2 and B27. 

FIG. 2A shows inverted fluorescence microscope photographs of 
differentiated ES cell -derived sphere colonies, immunocytochemically 
labelled for neural cell-specific genes NAP2 (neurons), ***gfap*** 
(astrocytes and 04 (oligodendrocytes). 

FIG. 2B shows RT-PCR analysis of neural and non-neural lineage gene 
expression in RNA extracted from primary ES cells (Rl) . ES cell-derived 
sphere colonies (SC) , and positive control tissue samples (+) . Listed are 
the Emx2, HoxBl, six3 and Otxl markers for neural differentiation. 
Brachyury marker for mesoderm differentiation, GATA4 and HNF4 markers for 
endoderm differentiation, and CK-17 for epidermal differentiation. 

FIG. 3A is a graph showing the neural colony forming ability of ES cells 
with a homozygous null mutation (FGFR-1(-/-)) in the gene encoding 

*** FGF *** -receptor-1, or control heterozygous ES cells (FGFR-1(+/-)) - 

fig. 3B is a graph showing the neural colony forming ability of ES cells 
cultured in the presence of anti-FGF2 antibodies. 

fig. 3c is a graph showing the neural colony forming ability of neural 
stem cells isolated from the day E9.5 forebrain and cultured in the 
presence of LIF and FGF2. 

FIG. 4A is a graph showing the neural colony forming ability of ES cells 
cultured in the presence of LIF and FGF2 alone or in the presence of 
BMP4. 

FIG. 4B is a graph showing the neural colony forming ability of ES cells 

cultured in the presence of LIF and FGF2 alone or in the presence of LIF 

and FGF2 and the BMP protein antagonist Noggin. 
FIG. 4C is a graph showing the neural colony forming ability of Smad4(-/-) 

and wildtype E14K ES cells. 
FIG. 4D is a graph showing the neural colony forming ability of ES cells 

cultured in the presence of LIF alone or in the presence of LIF and 

exogenous mouse Cerberus-like (mCer-1) protein. 
FIG. 5A is a table showing the proportion of ES cells cultured at low cell 

density that were immunoreactive or the neural precursor marker 

***nestin*** , the immature neuronal marke beta Illtubulin, the marker 

NeuN, and ICM/ES cell nuclear marker Oct-4. The photographs at left shows 

ES cells immunocytochemically labelled for ***nestin*** . beta 

Ill-tubulin, NeuN., and Oct-4 
FIG. 5B is a graph showing the proportion of either Smad4(-/-) or control 

E14K wildtype ES cells immunoreactive for the immature neuronal marker 

beta Ill-tubulin. The photograph at left shows Smad4(-/-) ES cells 

immunocytochemically labelled for beta II-tubulin. 
FIG. 6A shows an ultraviolet light microscope photograph of a chimeric day 

E9.5 mouse embryo generated using ES cell-derived neural colonies 

harbouring a yellow fluorescent protein transgene and a CDl host morula. 

The inset shows a normally developed blastocyst after 24 hours in vitro 



colony and a CDl host morula. 
FIG. 6B shows a light microscope photograph of a mouse blastocyst (arrow) 
and an unintegrated day E9.5 telencephalonderived sphere colony 
expressing green fluorescent protein, 24 hours after the attempted 
aggregation of the two. 

fig. 6C shows a light microscope photograph of the mouse embryo (arrow) 
developed from the blastocyst shown in FIG. 6B. 

FIGS. 7A-D are photographs of well -ci rcumscri bed clusters of cells. FIGS. 
7 A and B depict cells which do not express ***nestin*** (arrow in A 
and B) that resemble typical undifferentiated ES cell colonies. These 
aggregated cells express the undifferentiated ES cell -specific marker 
SSEA-1 (arrowheads in C and D) . Moreover, the relatively large cells that 
resemble ***nestin*** positive cells do not express SSEA-1 (arrow in 
C and D) . 

FIG. 7E is a diagram showing a model of the establishment of the early 
neural cell lineage from ES cells. 
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FIG. 1 shows phase contrast micrographs of ES cells and their 
differentiated progeny. A, inner cell mass three days after plating. B, 
colony of ES cells, c, higher magnification of an area of an ES cell 
colony. D, an area of an ES cell colony undergoing spontaneous 
differentiation during routine passage. E, a colony four days after 
plating in the absence of a feeder cell layer but in the presence of 2000 
units/ml human LIF undergoing differentiation in its periphery,. F, 
neuronal cells in a high density culture. Scale bars: A and c, 25 
microns; B and E, 100 microns; D and F, 50 microns. 

FIG. 2 shows marker expression in ES cells and their differentiated 
somatic progeny. A, ES cell colony showing histochemical staining for 
alkaline phosphatase. B. ES cell colony stained with antibody MC-813-70 
recognising the ssea-4 epitope, c, ES cell colony stained with antibody 
TRAL-60 . D, ES cell colony stained with antibody GCTM-2. E, high density 
culture, cell body and processes of a cell stained with anti neurofilament 
68 kDa protein. F, high density culture, cluster of cells and network of 
processes emanating from them stained with antibody against neural cell 
adhesion molecule. G, high density culture, cells showing cytoplasmic 
filaments stained with antibody to muscle actin. H, high density culture, 
cell showing cytoplasmic filaments stained with antibody to desmin. Scale 
bars: A, 100 microns; B-D, and F, 200 microns; E, G and H, 50 microns. 

FIG. 3 shows RT-PCR analysis of gene expression in ES cells and their 
differentiated derivatives. All panels show 1.5% agarose gels stained 
with ethidium bromide. A, expression of Oct-4 and b-actin in ES stem 
cells and high density cultures. Lane 1, 100 bpDNA ladder. Lane 2, stem 
cell culture, b-actin. Lane 3, stem cell culture, Oct-4. Lane 4, stem 
cell culture, PCR for oct-4 carried out with omission of reverse 
transcriptase. Lane 5, high density culture, b-actin. Lane 6, high 
density culture, Oct-4. Lane 7, high density culture, PCR for oct-4 
carried out with omission of reverse transcriptase, b-actin band is 200 
bp and oct-4 band is 320 bp. B, expression of ***nestin*** and Pax-6 
in neural progenitor cells that were derived from differentiating ES 
colonies. Left lane, 100 bp DNA ladder; lane 1, b-actin in HX 142 
neuroblastoma cell line (positive control for ***nestin*** PCR) ; 
lane 2, b-actin in neural progenitor cells; lane 3, ***nestin*** in 
HX 142 neuroblastoma cell line; lane 4, ***nestin*** in neural 
progenitor cells; lane 5, ***nestin*** PCR on same sample as lane 4 
without addition of reverse transcriptase; lane 6, Pax-6; lane 7, Pax-6 
PCR on same sample as line 6 without addition of reverse transcriptase. 
***Nestin*** band is 208 bo. Pax-6 is 274 bD. C. expression of alutamic 



lane 1, b-actin; lane 2, b-actin PCR on same sample as lane 1 without 
addition of reverse transcriptase; lane 3, glutamic acid decarboxylase; 
lane 4 glutamic acid decarboxylase on same sample as lane 3 without 
addition of reverse transcriptase. Glutamic acid decarboxylase band is 
284 bp, D, expression of GABA A alpha 2 receptor. Left lane, 100 bp DNA 
ladder; lane 1, b-actin; lane 2, GABA A alpha 2 receptor; lane 3, PCR 
without addition of reverse transcriptase. GABA A alpha 2 receptor 
subunit band is 471 bp. 

FIG. 4 shows histology of differentiated elements found in teratomas 
formed in the testis of SCID mice following inoculation of HES-1 or HES-2 
colonies. A, cartilage and squamous epithelium, HES-2. B, neural 
rosettes, HES-2. c, ganglion, gland and striated muscle, HES-1. D, bone 
and cartilage, HES-1. E, glandular epithelium, HES-1, F, ciliated 
columnar epithelium, HES-1. scale bars: A-E, 100 microns; F, 50 microns. 

FIG. 5 shows phase contrast microscopy and immunochemical analysis of 
marker expression in neural progenitor cells isolated from 
differentiating ES cultures. A, phase contrast image of a sphere formed 
in serum-free medium. B-D, indirect immunofluorescence staining of 
spheres, 4 hours after plating on adhesive substrate, for N-CAM, 

***nestin*** , and vimentin respectively, in c and D, cells at the base 
of the sphere were placed in plane of focus to illustrate filamentous 
staining; confocal examination revealed that cells throughout the sphere 
were decorated by both antibodies. Scale bar is 100 microns in all 
panels . 

FIG. 6 shows phase contrast appearance and marker expression in cultures 
of neurons derived from progenitor cells shown in FIG. 5. A, phase 
contrast micrograph of differentiated cells emanating from a sphere 
plated onto adhesive surface. B-H, indirect immunofluorescence microscopy 
of differentiated cells decorated with antibodies against 200 kDa 
neruofilament protein (B) , 160 kDa neurofilament protein (c) , MAP2a+b 
(D) , glutamate (E) , synaptophysin (F) , glutamic acid decarboxylase (G) 
and beta-tubulin (H) . scale bars: A, ;B, 100 microns; c, 200mircons; D, 
20 microns; E and F, 10 microns; G, 20 microns; H, 25 microns. 

FIG. 7 shows neural precursors proliferating as a monolayer on a plastic 
tissue culture dish in the presence of ***egf*** an d bFGF. These 
monolayer cultures of proliferating cells were obtained after prolonged 
cultivation (2-3 weeks) of the spheres in the presence of growth factors 
without sub-cul turing. 

FIG. 8 shows phase contrast appearance of a culture consisting of 
differentiated neural cells. 

FIG. 9 shows phase contrast appearance of a sphere that is formed 72 hours 
after the transfer of a clump of undifferentiated ES cells into serum 
free medium (Scale bar 100 microns). 

FIG. 10 shows linear correlation between the volume of spheres and the 
number of progenitor cells within a sphere. Spheres of various diameters 
that were generated from differentiating ES colonies and were propagated 
for 14-15 weeks were dissaggregated into single cell suspension and the 
number of cells per sphere was counted. 

FIG. 11 shows indirect immunofluorescence staining of a sphere, 4 hours 
after plating on adhesive substrate, for N-CAM. The sphere was generated 
by direct transfer of undifferentiated ES cells into serum free medium 
and propagation of the resulting spheres for 5 passages. (Scale bar 100 
microns) . 

FIG. 12 shows indirect immunofluorescence membraneous staining for N-CAM 
of single cells at the periphery of a sphere 4 hours after plating on 
adhesive substrate. The sphere was generated by direct transfer of 
undifferentiated ES cells into serum free medium and propagation of the 
resulting spheres for 5 passages. (Scale bar 25 microns). 

FIG. 13 snows indirect immunofluorescence staining of a spheres 4 hours 
after plating on adhesive substrate for the intermediate filament 

***nestin*** - Cells at the base of the sphere were placed in plane of 
focus to illustrate filamentous staining. The sphere was generated by 
direct transfer of undifferentiated ES cells into serum free medium and 
propagation of resulting spheres for 5 passages. (Scale bar 25 microns). 

FIG. 14 shows indirect immunofluorescence microscopy of a differentiated 
cell decorated with antibodies against the oligodendrocyte progenitor 
marker 04. (Scale bar 12.5 microns). 

FIG. 15 shows indirect immunofluorescence staining of a sphere 4 hours 
after plating on adhesive substrate for the intermediate filament 
vimentin. cells at the base of the sphere were placed in plane of focus 
to illustrate filamentous staining. The sphere was generated by direct 
transfer of undifferentiated ES cells into serum free medium and 
propagation of resulting spheres for 7 passages. (Scale bar 25 microns). 

FIG. 16 shows the growth pattern of spheres that were generated directly 
from undifferentiated ES cells. Each bar represents the mean (+-SD) 



after derivation. A more excessive growth rate is evident during the 
first 5 weeks. 

fig. 17 shows persistent growth in the volume of spheres along time. Each 
bar represents the mean (+-SD) increment in volume per week of 24 spheres 
at nine to twenty one weeks after derivation. The spheres were generated 
from differentiating ES colonies. 

FIG. 18 shows linear correlation between the volume of spheres and the 
number of progenitor cells within a sphere, spheres of various diameters, 
that were generated directly from undifferentiated ES cells and were 
propagated 5-7 weeks, were dissaggregated into single cell suspension and 
the number of cells per sphere was counted. 

FIG. 19 shows RT-PCR analysis of gene expression in ES cells (a week after 
passage) and neural spheres derived from differentiating colonies and 
directly from undifferentiated ES cell. All panels show 2% agarose gels 
stained with ethidium bromide. Lanes 1, 2 and 3, Oct-4 in ES cell 
culture, neural spheres derived from differentiating colonies, neural 
spheres derived from undifferentiated ES cells. Lane 4, stem cell 
culture, pcr for oct-4 carried out with omission of reverse 
transcriptase. Lanes 5, 6, and 7, ***nestin*** in ES cell culture, 
neural spheres derived from differentiating colonies, neural spheres 
derived from undifferentiated ES cells. Lane 8, stem cell culture, PCR 
for ***nestin*** carried out with omission of reverse transcriptase. 
Lanes 9, 10 and 11, Pax-6 in ES cell culture, neural spheres derived from 
differentiating colonies, neural spheres derived from undifferentiated ES 
cells. Lane 12, stem cell culture, PCR for Pax-6 carried out with 
omission of reverse transcriptase. Lane 13, 100 bp DNA ladder, oct-4 band 
is 320 bp, ***nestin*** is 208 bp and Pax-6 is 274 bp. 

fig. 20 shows indirect immunofluorescence microscopy of differentiated 
astrocyte cells decorated with antibody against *** GFAP *** _ (scale 
bar 25 microns) . 

FIG. 21 shows indirect immunofluorescence microscopy of brain sections of 
two mice (A and B) 4 weeks after transplantation of human neural 
precursors prelabeled with BrDU. cells with a nucleus decorated with anti 
BrDU (brown stain, black arrow) are evident near the ventricular surface 
(white arrow indicate mouse unstained nuclei, bar=20 microns). 

FIG. 22 shows indirect immunofluorescence microscopy of brain sections of 
a mice 4 weeks after transplantation of human neural precursors 
prelabeled with BrDU. wide spread distribution of transplanted human 
cells decorated by anti BrDU antibodies is evident in the periventricular 
areas. The periventricular area in A is demonstrated at a higher 
magnification in B and C. (Bars=150, 60 and 30 microns in A, B and C) . 

FIG. 23 shows indirect immunocytochemical microscopy of brain sections of 
a mice 4 weeks after transplantation of human neural precursors 
prelabeled with BrDU. The transplanted human cells are migrating along 
the rostral migratory stream (bar=150 microns). 

FIG. 24 shows RT-PCR analysis of gene expression in neural spheres derived 
from differentiating (A) and undifferentiated (B) ES cells. All panels 
show 2% agarose gels stained with ethidium bromide. Lanes 1 and 10, 100 
bpDNA ladder; Lane 2, CD34; Lane 3, Flk-1; lane4, HNF-3; lane 5, 
alfafetoprotein. Lanes 6-9 PCR reaction on the same samples as lanes 2-5 
carried out with the omission of reverse transcriptase. CD-34 band is 200 
bp, Flk-1 is 199, HNF-3 is 390, AFP is 340 bp. 

FIG. 25 shows by RT-PCR analysis the expression of ***GFAP*** and the 
pip gene in differentiated cells from neural spheres derived from 
differentiating ES cell colonies. The expression of ***qfap*** 
indicates differentiation into astrocytes while the presence of both 
dm-20 and pip transcripts indicate that differentiation into 
oligodendrocyte cells has occurred. Lanes 2, 4, 6 and lanes 3, 5, 7 are 
from two separate RNA samples from differentiated spheres that were 
independently derived from ES cells. Lane 1 and 8, 100 bp DNA ladder; 
Lanes 2 and 4, ***gfap*** ; lanes 3 and 5, pip and dm-20; lanes 6 and 
7, PCR reaction on the same samples as lanes 3 and 5 carried out with the 
omission of reverse transcriptase. ***gfap*** band is 383, pip band 
is 354 bp and dm-20 is 249 bp. 

FIG. 26 shows a dark field stereomicroscopic photograph of areas (arrows) 
destined to give rise to neural precursors in a differentiating ES cell 
colony 3 weeks after passage (bar=1.6 mm). 

FIG. 27 shows indirect immunochemical analysis of marker expression in 
cultures of neurons derived from progenitor cells that were derived 
directly from undifferentiated ES cells: A, indirect immunofluorescence 
microscopy of neurits decorated with antibody against 160 kDa 
neurofilament protein. B and C, indirect immunofluorescence staining of 
differentiated cells for MAP2a+b and beta-tubulin III. Scale bars: A 100 
microns, B and c 10 microns. 

FIG. 28 shows indirect immunochemical analvsis of the expression of 



decorated with antibodies against tyrosine hydroxylase. Scale bars: 30 
microns . 

FIG. 29 shows in vivo differentiation into astrocyte cells of transplanted 
human neural progenitors prelabeled with BrDU. Donor cells are identified 
by indirect immunochemical detection of BrDU (dark nuclei, arrows). Duel 
staining demonstrates donor cells decorated by anti ***GFAP*** 
(orange). Transplanted cells are migrating into the brain parenchyma 
(white arrow) and are also found in the periventricular zone (dark arrow) 
(A), A higher magnification of cells that have differentiated into 
astrocytes and migrated into the host brain (B) . 

FIG. 30 shows in vivo differentiation into oligodendrocyte cells of 
transplanted human neural progenitors prelabeled with BrDU. Donor cells 
are identified by indirect immunochemical detection of BrDU (dark nuclei, 
arrows). Duel staining demonstrates donor cells decorated by anti CNPase 
(orange) . 

FIG. 31 shows cumulative growth curve for human neural progenitors derived 
from differentiating colonies. (A) Continuous growth is evident during an 
18-22 week period. The increment in the volume of the spheres was 
continuously monitored as an indirect measure of the increase in cell 
numbers. A linear positive correlation between the volume of the spheres 
and the number of cells within the spheres (B, insert) was maintained 
along cultivation. It supported the validity of monitoring the increment 
of sphere volume as an indirect indicator of cell proliferation. 

FIG. 32 shows RT-PCR analysis of the expression of non-neural markers in 
human ES derived spheres. All panels show 2% agarose gels stained with 
ethidium bromide. The symbols + and indicate whether the PCR reaction was 
performed with or without the addition of reverse transcriptase. A 1 Kb 
plus DNA ladder was used in all panels, beta-actin band is 291 bp, 
keratin is 780 bp, Flk-1 is 199 bp, CD34 is 200 bp, AC-133 is 200 bp, 
transferin is 367 bp, amylase is 490 bp and alpha 1 anti trypsin is 360 
bp . 

FIG. 33 shows a phase contrast micrograph of differentiated cells growing 
out from a sphere 2 weeks after plating onto an adhesive surface and 
culture in the absence of growth factors, scale bar is 200 mu m. 

FIG. 34 shows RT-PCR analysis of the expression of neuronal and glial 
markers in differentiated cells originating from human ES derived neural 
spheres. All panels show 2% agarose gels stained with ethidium bromide. 
The symbols + and -indicate whether the PCR reaction was performed with 
or without the addition of reverse transcriptase. A 1 Kb plus DNA ladder 
was used in all panels. Pip and dm-20 bands are 354 bp and 249 bp 
respectively, MBP is 379 bp, *** G fap*** is 383 bp, NSE is 254 bp and 
NF-M is 430 bp. 

FIG. 35 shows indirect immunochemical analysis of the expression of 

serotonin (A) and GABA (B) . scale bars are 20 mu m. 
FIG. 36 shows dissemination of transplanted BrdU+ human ESderived neural 

progenitor cells in the mouse host brain. 

(A) At 2 days after transplantation most cells were found lining the 
ventricular wall. (B) After 4-6 weeks most cells had left the ventricles 
(V) and populated the corpus callosum (cc) , fimbria (fim), internal 
capsule (i.e.). Brdu+ cells were not found in the striatum (str) or CA 
region of the hippocampus (hipp). (C) Chains of Brdu+ cells were found in 
the rostral migratory stream (RMS). (D) Brdu+ cells in the 
periventricular white matter. (E) Higher magnification of D, to show 
nuclear specific localization of BrdU. 

FIG. 37 shows identification of the transplanted cells in the brain by 
human and neural -lineage specific markers. (A) A typical chain of 
transplanted cells in the corpus callosum, stained with human specific 
anti -mitochondrial antibody. The mitochondrial staining (green 
fluorescence) on Nomarsky background (blue, cell nuclei indicated by 
asterisk) shows a typical perinuclear localization. (B) Double staining 
for BrdU (green fluorescence) and human specific anti ribonuclear protein 
(red fluorescence) shows nuclear co-localization, indicating that Brdu+ 
cells were indeed of human origin, (c) A ***qfap*** + astrocyte (red) 
from the periventricular region, colabeled with Brdu (green), indicating 
its origin from the graft. (D) An NG2+ oligodendrocyte progenitor (red) 
in the periventricular region, co-labeled with BrdU (green). (E) A 
CNPase+ oligodendrocyte (red) in the corpus callosum, colabeled with BrdU 
(immunohistochemistry , shown as dark nucleus in Nomarsky). (F) Neuronal 
processes in the fimbria, stained with a human specific anti-70 kDa 
neurofilament. (G) A beta lll-tubulin+ neuron (green fluorescence) in the 
olfactory bulb, co-labeled with Brdu (as dark nucleus (arrow) in 
Nomarsky). Bars=10 mu m. ! 
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FIG. 1 is a bar graph. BMSC adherent to culture dishes were treated with 

***EGF*** (10 ng/ml), RA (0.5 mu M) or RA plus BDNF (10 ng/ml) for 7 
days. Each bar represents the mean number (+-SEM) of fibronectin 
immunoreactive cells per visual field 20 x objective) determined in 20 
fields per dish in 4 culture dishes. *=p less-than 0.05, two-tailed 
t-test FIGS. 2A through 2F are photomicrographs of BMSC from lacz mice 
that have been cocultured with mouse fetal midbrain cells for 2 weeks in 
N5 medium supplemented with cis-9 retinoic acid (0.5 mu M) and BDNF (10 
ng/ml) . 

FIGS. 3A through 3F are photomicrographs, which illustrate the migration 
and integration of BMSC into rat midbrain. FIG. 3A (scale bar=500 mu m) 
shows symmetrical distribution despite unilateral grafting into the 
striatum. FIG. 3B is a region of the paraventricular nucleus (scale 
bar-100 mu m) . None of the beta-gal + cells are labeled with the red-brown 
stain (TH-ir). FIGS. 3A (Scale bar=500 mu m) , 3B (Scale bar=100 mu m) and 
3C (Scale bar=50 mu m) depict cells doubly stained for beta-gal and 
TH-ir. FIGS. 3D (Scale bar=50 mu m) and 3E (scale bar=25 mu m) illustrate 
sections from the red nucleus that have doubly stained for beta-gal and 
NeuN-ir. FIG. 3F (Scale bar-25 mu m) illustrates beta-gal+ cells from the 
red nucleus also doubly stained for MAP2-ir. 

FIGS. 4A through 4F are photomicrographs of a section from rat cerebellar 
lobule illustrating laminar distribution of betagal+ cells in a 
distribution of Purkinje cells. alpha-gal+ are co-labeled with calbindin 
immunoreactivity in FIGS. 4A, 4B, and 4c. (Scale bar=100 mu m in 4A, 50 
mu m in 4B and 25 mu m in 4C) . FIG. 4D shows beta-gal+ Purkinje cells 
co-labeled with GAD-ir (scale bar=50 mu m) . FIG. 4E illustrates dense 
MAP2-ir fibers enveloping beta-gal+ Purkinje cells (scale bar=25 mu m) . 
fig. 4F illustrates beta-gal+ cells co-labeled with NeuN-ir in the deep 
cerebellar nucleus (scale bar=25 mu m) . 

FIGS. 5A through 5D are photomicrographies showing the production of 
markers for fibronectin (FIG. 5A) and differentiated BMSC with nerve cell 
markers (FIGS. 5B, 5c and 5D) . 

FIG. 6 is a western blot of the lysates of BMSC conditioned with four 
different treatments and labeled with ***qfap*** -ir, ***nestin*** 
and NeuN. BDNF+RA+N5 induced the strongest expression of nerve cell 
markers while glial cell markers was most strongly expressed after N5 
alone . 

FIGS. 7A through 7F are photomicrographs of human BMSC which were 
co-cultured with fetal rat striatal cells in N5 formulation with BDNF+RA. 
These figures show that human BMSC (green labeled in FIGS. 7C and 7D and 
yellow in FIGS. 7E and 7F) can be induced to express neural markers NeuN 
(figs. 7a and 7e) and ***qfap*** (figs. 7B and 7f) . 

FIG. 8 is a photomicrograph of rat brain, showing that mouse BMSC labeled 
with red PKH26 also express the neuron marker NeuNir (green 
fluorescence). In addition, the morphology of the doubly labeled cells is 
that of neurons. 

FIG. 9 is a photomicrograph of rat brain, showing a doubly labelled glial 
cell. The red fluorescent tracer identifies it as derived from a BMSC, 
and the green fluorescence is due to ***gfap*** -ir. Note the 
morphology is that of a glial cell. 
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fig. 1 shows phase contrast micrographs of ES cells and their 
differentiated progeny. A, inner cell mass three days after plating. 8, 
colony of ES cells, c, higher magnification of an area of an ES cell 
colony. D, an area of an ES cell colony undergoing spontaneous 
differentiation during routine passage. E, a colony four days after 
plating in the absence of a feeder cell layer but in the presence of 2000 
units/ml human LIF undergoing differentiation in its periphery, F, 
neuronal cells in a high density culture. Scale bars: A and C, 25 
microns; B and E, 100 microns; D and F, 50 microns. 

FIG. 2 shows marker expression in ES cells and their differentiated 
somatic progeny. A, ES cell colony showing histochemical staining for 
alkaline phosphatase. B. ES cell colony stained with antibody MC-813-70 
recognising the SSEA-4 epitope. C, ES cell colony stained with antibody 
TRAl-60. D, ES cell colony stained with antibody GCTM-2. E, high density 
culture, cell body and processes of a cell stained with anti neurofilament 
68 kDa protein. F, high density culture, cluster of cells and network of 
processes emanating from them stained with antibody against neural cell 
adhesion molecule. G, high density culture, cells showing cytoplasmic 
filaments stained with antibody to muscle actin. H, high density culture, 
cell showing cytoplasmic filaments stained with antibody to desmin. scale 
bars: A, 100 microns; B-D, and F, 200 microns; E, G and H, 50 microns. 

FIG. 3 shows RT-PCR analysis of gene expression in ES cells and their 
differentiated derivatives. All panels show 1.5% agarose gels stained 
with ethidium bromide. A, expression of oct-4 and b-actin in ES stem 
cells and high density cultures. Lane 1, 100 bpDNA ladder. Lane 2, stem 
cell culture, b-actin. Lane 3, stem cell culture, oct-4. Lane 4, stem 
cell culture, PCR for oct-4 carried out with omission of reverse 
transcriptase. Lane 5, high density culture, b-actin. Lane 6, high 
density culture, Oct-4. Lane 7, high density culture, PCR for oct-4 
carried out with omission of reverse transcriptase, b-actin band is 200 
bp and oct-4 band is 320 bp. B, expression of ***nestin*** and Pax-6 
in neural progenitor cells that were derived from differentiating ES 
colonies. Left lane, 100 bp DNA ladder; lane 1, b-actin in HX 142 
neuroblastoma cell line (positive control for ***nestin*** PCR) ; 
lane 2, b-actin in neural progenitor cells; lane 3, ***nestin*** in 
HX 142 neuroblastoma cell line; lane 4, ***nestin*** in neural 
progenitor cells; lane 5, ***nestin*** PCR on same sample as lane 4 
without addition of reverse transcriptase; lane 6, Pax-6; lane 7, Pax-6 
PCR on same sample as line 6 without addition of reverse transcriptase. 

***Nestin*** band is 208 bp, Pax-6 is 274 bp. c, expression of glutamic 
acid decarboxylase in cultures of neurons. Left lane, 100 bp DNA ladder; 
lane 1, b-actin; lane 2, b-actin PCR on same sample as lane 1 without 
addition of reverse transcriptase; lane 3, glutamic acid decarboxylase; 
lane 4 glutamic acid decarboxylase on same sample as lane 3 without 
addition of reverse transcriptase. Glutamic acid decarboxylase band is 
284 bp. D, expression of GABA A alpha 2 receptor. Left lane, 100 bp DNA 
ladder; lane 1, b-actin; lane 2, GABA A alpha 2 receptor; lane 3, PCR 
without addition of reverse transcriptase. GABA A alpha 2 receptor 
subunit band is 471 bp. 

FIG. 4 shows histology of differentiated elements found in teratomas 
formed in the testis of SCID mice following inoculation of HES-1 or HES-2 
colonies. A, cartilage and squamous epithelium, HES-2. B, neural 
rosettes, HES-2. C, ganglion, gland and striated muscle, HES-1. D, bone 
and cartilage, HES-1. E, glandular epithelium, HES-1. F, ciliated 
columnar epithelium, HES-1. Scale bars: A-E, 100 microns; F, 50 microns. 

fig. 5 shows phase contrast microscopy and immunochemical analysis of 
marker expression in neural progenitor cells isolated from 
differentiating ES cultures. A, phase contrast image of a sphere formed 
in serum-free medium. B-D, indirect immunofluorescence staining of 
spheres, 4 hours after plating on adhesive substrate, for N-CAM, 

***nestin*** , and vimentin respectively. In C and D, cells at the base 
of the sphere were placed in plane of focus to illustrate filamentous 
staining; confocal examination revealed that cells throughout the sphere 
were decorated bv both antibodies. Scale bar is 100 microns in all 



FIG. 6 shows phase contrast appearance and marker expression in cultures 
of neurons derived from progenitor cells shown in FIG. 5. A, phase 
contrast micrograph of differentiated cells emanating from a sphere 
plated onto adhesive surface. B-H, indirect immunofluorescence microscopy 
of differentiated cells decorated with antibodies against 200 kDa 
neruofilament protein (B) , 160 kDa neurofilament protein (c) , MAP2a+b 
(D) , glutamate (E) , synaptophysin (F) , glutamic acid decarboxylase (G) 
and beta-tubulin (H) . scale bars: A,;B, 100 microns; C, 200 mircons; D, 
20 microns; E and F, 10 microns; G, 20 microns; H, 25 microns. 

FIG. 7 shows neural precursors proliferating as a monolayer on a plastic 
tissue culture dish in the presence of ***egf*** and bFGF. These 
monolayer cultures of proliferating cells were obtained after prolonged 
cultivation (2-3 weeks) of the spheres in the presence of growth factors 
without sub-culturing. 

fig. 8 shows phase contrast appearance of a culture consisting of 
differentiated neural cells. 

fig. 9 shows phase contrast appearance of a sphere that is formed 72 hours 
after the transfer of a clump of undifferentiated ES cells into serum 
free medium (scale bar 100 microns). 

FIG. 10 shows linear correlation between the volume of spheres and the 
number of progenitor cells within a sphere. Spheres of various diameters 
that were generated from differentiating ES colonies and were propagated 
for 14-15 weeks were dissaggregated into single cell suspension and the 
number of cells per sphere was counted. 

FIG. 11 shows indirect immunofluorescence staining of a sphere, 4 hours 
after plating on adhesive substrate, for N-CAM. The sphere was generated 
by direct transfer of undifferentiated ES cells into serum free medium 
and propagation of the resulting spheres for 5 passages. (Scale bar 100 
microns). 

FIG. 12 shows indirect immunofluorescence membraneous staining for N-CAM 
of single cells at the periphery of a sphere 4 hours after plating on 
adhesive substrate. The sphere was generated by direct transfer of 
undifferentiated ES cells into serum free medium and propagation of the 
resulting spheres for 5 passages. (Scale bar 25 microns). 

FIG. 13 shows indirect immunofluorescence staining of a spheres 4 hours 
after plating on adhesive substrate for the intermediate filament 

***nestin*** . Cells at the base of the sphere were placed in plane of 
focus to illustrate filamentous staining. The sphere was generated by 
direct transfer of undifferentiated ES cells into serum free medium and 
propagation of resulting spheres for 5 passages. (Scale bar 25 microns). 

FIG. 14 shows indirect immunofluorescence microscopy of a differentiated 
cell decorated with antibodies against the oligodendrocyte progenitor 
marker 04. (Scale bar 12.5 microns). 

FIG. 15 shows indirect immunofluorescence staining of a sphere 4 hours 
after plating on adhesive substrate for the intermediate filament 
vimentin. Cells at the base of the sphere were placed in plane of focus 
to illustrate filamentous staining. The sphere was generated by direct 
transfer of undifferentiated ES cells into serum free medium and 
propagation of resulting spheres for 7 passages, (scale bar 25 microns). 

FIG. 16 shows the growth pattern of spheres that were generated directly 
from undifferentiated ES cells. Each bar represents the mean (+-SD) 
increment in volume per week of 24 spheres at first to twelve weeks after 
derivation. A more excessive growth rate is evident during the first 5 
weeks . 

FIG. 17 shows persistent growth in the volume of spheres along time. Each 
bar represents the mean (+-SD) increment in volume per week of 24 spheres 
at nine to twenty one weeks after derivation. The spheres were generated 
from differentiating ES colonies. 

FIG. 18 shows linear correlation between the volume of spheres and the 
number of progenitor cells within a sphere, spheres of various diameters, 
that were generated directly from undifferentiated ES cells and were 
propagated 5-7 weeks, were dissaggregated into single cell suspension and 
the number of cells per sphere was counted. 

fig. 19 shows RT-PCR analysis of gene expression in ES cells (a week after 
passage) and neural spheres derived from differentiating colonies and 
directly from undifferentiated ES cell. All panels show 2% agarose gels 
stained with ethidium bromide. Lanes 1, 2 and 3, Oct-4 in ES cell 
culture, neural spheres derived from differentiating colonies, neural 
spheres derived from undifferentiated ES cells. Lane 4, stem cell 
culture, PCR for Oct-4 carried out with omission of reverse 
transcriptase. Lanes 5, 6, and 7, ***nestin*** in ES cell culture, 
neural spheres derived from differentiating colonies, neural spheres 
derived from undifferentiated ES cells. Lane 8, stem cell culture, PCR 
for ***nestin*** carried out with omission of reverse transcriptase. 
Lanes 9 f 10 and 11, Pax-6 in ES cell culture, neural spheres derived from 



cells. Lane 12, stem cell culture, PCR for Pax-6 carried out with 
omission of reverse transcriptase. Lane 13, 100 bp DNA ladder, oct-4 band 
is 320 bp, ***nestin*** is 208 bp and Pax-6 is 274 bp. 
FIG. 20 snows indirect immunofluorescence microscopy of differentiated 
astrocyte cells decorated with antibody against ***gfap*** . (Scale 
bar 25 microns) . 

FIG. 21 shows indirect immunofluorescence microscopy of brain sections of 
two mice (A and B) 4 weeks after transplantation of human neural 
precursors prelabeled with BrDU. cells with a nucleus decorated with anti 
BrDU (brown stain, black arrow) are evident near the ventricular surface 
(white arrow indicate mouse unstained nuclei, bar=20 microns). 

FIG. 22 shows indirect immunofluorescence microscopy of brain sections of 
a mice 4 weeks after transplantation of human neural precursors 
prelabeled with BrDU. Wide spread distribution of transplanted human 
cells decorated by anti BrDU antibodies is evident in the periventricular 
areas. The periventricular area in A is demonstrated at a higher 
magnification in B and C. (Bars=150, 60 and 30 microns in A, B and C) . 

FIG. 23 shows indirect immunocytochemical microscopy of brain sections of 
a mice 4 weeks after transplantation of human neural precursors 
prelabeled with BrDU. The transplanted human cells are migrating along 
the rostral migratory stream (bar=150 microns). 

FIG. 24 shows rt-pcr analysis of gene expression in neural spheres derived 
from differentiating (A) and undifferentiated (B) ES cells. All panels 
show 2% agarose gels stained with ethidium bromide. Lanes 1 and 10, 100 
bpDNA ladder; Lane 2, CD34; Lane 3, Flk-1; lane 4, HNF-3; lane 5, 
alfafetoprotein. Lanes 6-9 PCR reaction on the same samples as lanes 2-5 
carried out with the omission of reverse transcriptase. CD-34 band is 200 
bp, Flk-1 is 199, HNF-3 is 390, AFP is 340 bp. 

FIG. 25 shows by RT-PCR analysis the expression of ***Gp^p*** anc | the 
pip gene in differentiated cells from neural spheres derived from 
differentiating ES cell colonies. The expression of *** G p A p*** 
indicates differentiation into astrocytes while the presence of both 
dm-20 and pip transcripts indicate that differentiation into 
oligodendrocyte cells has occurred. Lanes 2,4,6 and lanes 3,5,7 are from 
two separate RNA samples from differentiated spheres that were 
independently derived from ES cells. Lane 1 and 8, 100 bp DNA ladder; 
Lanes 2 and 4, ***gfap*** ; lanes 3 and 5, pip and dm-20; lanes 6 and 
7, PCR reaction on the same samples as lanes 3 and 5 carried out with the 
omission of reverse transcriptase. *** G p A p*** band is 383, pip band 
is 354 bp and dm-20 is 249 bp. 

FIG. 26 shows a dark field stereomicroscopic photograph of areas (arrows) 
destined to give rise to neural precursors in a differentiating ES cell 
colony 3 weeks after passage (bar=1.6 mm). 

FIG. 27 shows indirect immunochemical analysis of marker expression in 
cultures of neurons derived from progenitor cells that were derived 
directly from undifferentiated ES cells: A, indirect immunofluorescence 
microscopy of neurits decorated with antibody against 160 kDa 
neruof il ament protein. B and C, indirect immunofluorescence staining of 
differentiated cells for MAP2a+b and beta-tubulin III. Scale bars: A 100 
microns, B and C 10 microns. 

FIG. 28 shows indirect immunochemical analysis of the expression of 
tyrosine hydroxylase. Neurits (A) and a differentiated cell (B) are 
decorated with antibodies against tyrosine hydroxylase. Scale bars: 30 
microns. 

FIG. 29 shows in vivo differentiation into astrocyte cells of transplanted 
human neural progenitors prelabeled with BrDU. Donor cells are identified 
by indirect immunochemical detection of BrDU (dark nuclei, arrows). Duel 
staining demonstrates donor cells decorated by anti *** G p A p*** 
(orange). Transplanted cells are migrating into the brain parenchyma 
(white arrow) and are also found in the periventricular zone (dark arrow) 
(A), A higher magnification of cells that have differentiated into 
astrocytes and migrated into the host brain (B) . 

FIG. 30 shows in vivo differentiation into oligodendrocyte cells of 
transplanted human neural progenitors prelabeled with BrDU. Donor cells 
are identified by indirect immunochemical detection of BrDU (dark nuclei, 
arrows). Duel staining demonstrates donor cells decorated by anti CNPase 
(orange) . ! 
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PI US 2001043923 Al 20011122 

US 6495364 B2 20021217 

AI US 2001-801237 Al 20010307 (9) 

RLI continuation of ser. No. US 1995-447997, filed on 23 May 1995, PENDING 
DT utility 

FS APPLICATION 
LN.CNT 2069 

INCL INCLM : 424/093,210 
NCL NCLM: 435/320,100 

NCLS: 424/093.200; 435/325,000; 435/455.000; 514/044.000 
IC [7] 

ICM: A61K048-00 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 165 OF 269 US PAT FULL on STN DUPLICATE 35 

AN 2001:188429 USPATFULL 

TI Methods for isolation and activation of, and control of differentiation 

from, stem and progenitor cells 
IN csete, Marie, south Pasadena, CA, United states 

Doyle, John, south Pasadena, CA, United states 

wold, Barbara, San Marino, CA, United states 
PA California Institute of Technology (u.s. corporation) 
PI US 2001034061 Al 20011025 
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AI US 2001-773824 Al 20010131 (9) 

RLI Division of Ser. No. US 1998-195569, filed on 18 Nov 1998, GRANTED, Pat 
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INCL INCLM: 435/377.000 

INCLS: 435/455.000; 435/004.000 
NCL NCLM : 435/004.000 

NCLS: 435/375.000; 435/377.000 
IC [71 

ICM: C12Q001-00 

ICS: C12N005-08; C12N015-63; C12N015-85 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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Tl Use of collaqenase in the preparation of neural stem cell cultures 

IN Uchida, Nobuko, Palo Alto, CA, United States 
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AI US 2001-867330 Al 20010529 (9) 

RLI continuation of ser. No. US 1999-258529, filed on 26 Feb 1999, UNKNOWN 
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INCL INCLM: 435/368.000 
NCL NCLM: 435/368.000 
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ICM: C12N005-08 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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cells and uses thereof 
IN Wilkison, William o., Bahama, NC, United states 

Gimble, Jeffrey, chapel Hill, NC, United states 
PI US 2001033834 Al 20011025 

AI US 2001-793173 Al 20010226 (9) 
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Continuation-in-part of Ser. No. us 1991-726812, filed on 8 Jul 1991, 
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continuation of ser. No. US 1993-10829, filed on 29 Jan 1993, now 
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of Ser. No. US 1992-967622, filed on 28 Oct 1992, now abandoned 
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IN Ross, Alonzo H., Shrewsbury, MA, united States 

Recht, Lawrence D., Holden, MA, United States 

Lachyankar, Mahesh B., Shrewsbury, MA, United States 
PA University of Massachusetts Medical Center, Worcester, MA, United states 

(U.S. corporation) 

Worcester Foundation for Biomedical Research, Shrewsbury, MA, United 

States (U.S. corporation) 
PI US 6271205 Bl 20010807 

AI US 1997-815795 19970312 (8) 

RLI Continuation-in-part of ser. No. US 1994-310287, filed on 21 Sep 1994, 

now patented, Pat. No. us 5789187 
PRAI US 1996-14466P 19960321 (60) 

DT Utility 

FS GRANTED 
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INCL INCLM: 514/044.000 

INCLS: 435/320.100 
NCL NCLM: 514/044.000 

NCLS: 435/320.100 
IC [7] 

ICM: A61K031-711 

ICS: C12N015-63 

EXF 435/320.1; 435/172.1; 435/455; 424/93.2; 424/93.6; 424/93.21; 514/44 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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PA The Regents of the University of California, Oakland, CA, united states 

(U.S . corporation) 
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AI US 1997-884427 19970627 (8) 

RLI Continuation of Ser. No. us 1995-445075, filed on 19 May 1995, now 

abandoned Division of ser. No. US 1993-147843, filed on 3 Nov 1993, now 
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FS GRANTED 
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EXF 435/7.1; 435/7.2; 435/7.21; 435/4; 435/29 
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due to neurodegenerative diseases 
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Dinsmore, Jonathan, Brookline, MA, United states 
PA Diacrin, Inc., charlestown, MA, United states (U.S. corporation) 
PI US 6258353 Bl 20010710 



RLI Continuation-in-part of Ser. No. US 1995-424851, filed on 19 Apr 1995 

Continuation-in-part of Ser. No. US 1994-336856, filed on 8 Nov 1994, 
now abandoned 

DT Utility 

FS GRANTED 
LN.CNT 5157 

INCL INCLM : 424/093.100 

INCLS: 424/093.700; 424/130.100; 424/143.100; 424/809.000; 435/325.000; 
435/368.000 
NCL NCLM : 424/093.100 

NCLS: 424/093.700; 424/130.100; 424/143.100; 424/809.000; 435/325.000; 
435/368.000 

IC [7] 

ICM: A01N003-00 

ICS: C12N015-85; C12N015-86; A61K039-395 
EXF 424/93.7; 424/93.1; 424/130.1; 424/143.1; 424/809; 435/325; 435/368 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 177 OF 269 US PAT FULL on STN 
AN 2001 : 86268 US PAT FULL 

TI Human embryonic germ cell line and methods of use 
IN Gearhart, John D. , Baltimore, MD, United States 

Shamblott, Michael Joseph, Baltimore, MD, United States 
PA The Johns Hopkins university School of Medicine, Baltimore, MD, United 

states (U.S. corporation) 
PI US 6245566 Bl 20010612 

AI US 1998-52772 19980331 (9) 

RLI continuation-in-part of Ser. No. us 1997-989744, filed on 12 Dec 1997 
Continuation-in-part of ser. No. US 1997-829372, filed on 31 Mar 1997 
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FS GRANTED 
LN.CNT 1916 

INCL INCLM: 435/384.000 

INCLS: 435/383.000; 435/366.000 
NCL NCLM : 435/384.000 

NCLS: 435/366.000; 435/383.000 
IC [7] 

ICM: C12N005-02 

ICS: C12N005-00; C12N005-08 
EXF 435/383; 435/384; 435/366; 435/372 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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IN Uchida, NobuRo, Palo Alto, CA, united states 

PA stemcells, Inc., Sunnyvale, CA, United States (U.S. corporation) 

PI US 6238922 Bl 20010529 

AI US 1999-258529 19990226 (9) 

DT uti 1 i ty 

FS Granted 
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INCL INCLM: 435/380.000 

INCLS: 435/381.000; 435/378.000; 435/368.000 
NCL NCLM: 435/380.000 

NCLS: 435/368.000; 435/378.000; 435/381.000 
IC [7] 

ICM: C12N005-02 
EXF 435/368; 435/378; 435/380; 435/381 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Lineage restricted glial precursors from the central nervous system 
IN Rao, Mahendra S., Salt Lake city, UT, United states 

Noble, Mark, Sandy, UT, United states 

Mayer-Proschel , Margot, Sandy, UT, united States 
PA University of Utah Research Foundation, salt Lake City, UT, United 

States (U.S. corporation) 
PI US 6235527 Bl 20010522 

AI US 1997-980850 19971129 (8) 
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ICS: C12N005-08 
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Utility 
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INCLM : 435/368.000 

INCLS: 435/325.000; 435/366.000; 435/375.000; 435/440.000; 435/455.000; 

435/467.000; 536/023.100; 536/023.700; 536/023.720 
NCLM : 435/368.000 
NCLS: 435/325.000; 435/366.000; 435/375.000; 435/440.000; 435/455.000; 
435/467.000; 536/023.100; 536/023.700; 536/023.720 

IC [7] 

ICM: C12N015-85 

ICS: C12N015-00; C12N015-11; C07H021-04 
EXF 435/6; 435/69.1; 435/91.1; 435/440; 435/455; 435/325; 435/366; 435/368; 
435/372; 435/375; 435/320.1; 435/467; 536/23.1; 536/23.72; 536/23.7 
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TI Methods for isolation and activation of, and control of differentiation 

from, skeletal muscle stem or progenitor cells 
IN Csete, Marie, South Pasadena, CA, United States 

Doyle, John, South Pasadena, CA, United States 

Wold, Barbara, San Marino, CA, united States 
PA California Institute of Technology, Pasadena, CA, United states (U.S. 

corporation) 
PI US 6184035 Bl 20010206 

AI US 1998-195569 19981118 (9) 

DT Utility 
FS Granted 
LN . CNT 1223 

INCL INCLM: 435/377.000 

INCLS: 435/375.000 
NCL NCLM: 435/377.000 

NCLS: 435/375.000 
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ICM: C12N005-00 
EXF 435/375; 435/377 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TI Preparing undifferentiated human embryonic stem cells for differentiation 
into neural progenitor cells, involves culturing inner cell mass removed 
in vitro fertilized human embryo under specific conditions. 
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cells in conditioned medium. 
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into neural lineages. 
AU Shirley, J . s. [Reprint author]; Pattee, P. [Reprint author]; Mathews, R. 

[Reprint author]; Back, s. A. [Reprint author]; Kim, S. U.; Nagalla, s. R. 

[Reprint author] 

cs Pediatrics, Oregon Health Sciences University, Portland, OR, USA 
SO Society for Neuroscience Abstracts, (2001) Vol. 27, No. 2, pp. 2089. 
print. 

Meeting Info.: 31st Annual Meeting of the Society for Neuroscience. San 

Diego, California, USA. November 10-15, 2001. 

ISSN: 0190-5295. 
DT Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 28 Dec 2001 

Last Updated on STN: 25 Feb 2002 
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TI Neural precursor cells in the peripheral nervous system. 
AU Gray, R. A. [Reprint , author] ; Han, Y.; Bell, T. ; Magnuson, D. S. K. 
[Reprint author] 

CS Dept Anatomical Sci and Neurobiol , univ Louisville, Louisville, KY, USA 
so society for Neuroscience Abstracts, (2001) Vol. 27, No. 2, pp. 2045. 
print. 

Meeting Info.: 31st Annual Meeting of the Society for Neuroscience. San 

Diego, California, USA. November 10-15, 2001. 

ISSN: 0190-5295. 
DT Conference; (Meeting) 

conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 12 Dec 2001 
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TI in vivo induction of neurogenesis in the adult mammalian forebrain. 
AU Kinyamu, Richard Mutembei [Reprint author]; Opole, Rebecca Wangechi 

[Reprint author]; opole, Isaac Ogwel [Reprint author]; Fallon, James Harry 

[Reprint author] 

cs university of California, Irvine, 364 MS II, Irvine, CA, 92697-1275, USA 
so FASEB Journal, (March 8, 2001) Vol. 15, No. 5, pp. A1074. print. 

Meeting Info.: Annual Meeting of the Federation of American Societies for 

Experimental Biology on Experimental Biology 2001. Orlando, Florida, USA. 

March 31-April 04, 2001. 

CODEN: FAJOEC. ISSN: 0892-6638. 
DT Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 30 May 2001 

Last Updated on STN: 19 Feb 2002 
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DN PubMed ID: 11358480 

ti Generation of regionally specified neurons in expanded glial cultures 
derived from the mouse and human lateral ganglionic eminence. 

AU Skogh C; Eriksson c; Kokaia M; Meijer X C; Wahlberg L U; Wictorin K; 
Campbell K 

CS Division of Neurobiology, Wallenberg Neuroscience Center, Lund University, 

solvegatan 17, BMC All, s-221 84 Lund, Sweden, 
so Molecular and cellular neurosciences , (2001 May) 17 (5) 811-20. 

Journal code: 9100095. ISSN: 1044-7431. 
CY United states 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 

EM 200108 

ED Entered STN : 20010813 

Last Updated on STN: 20010813 
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TI Differential cellular accumulation of connective tissue growth factor 
defines a subset of reactive astrocytes, invading fibroblasts, and 
endothelial cells following central nervous system injury in rats and 
humans . 

AU Schwab, Jan Markus [Reprint author]; Beschorner, Rudi ; Nguyen, Thai Dung; 

Meyermann, Richard; Schluesener, Hermann J . 
CS institute of Brain Research, University of Tuebingen Medical School, 

Calwer Str. 3, D-72076, Tuebingen, Germany 

jmschwab@med . uni -tuebi ngen . de 
SO Journal of Neurotrauma, (April, 2001) Vol. 18, No. 4, pp. 377-388. print. 

ISSN: 0897-7151. 
DT Article 
LA English 

ED Entered STN: 6 Jun 2001 

Last Updated on STN: 19 Feb 2002 
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TI Neurospheres contain not only proliferating but also differentiated cells 

arranged in a specific pattern. 
AU Khaing, Z. Z. [Reprint author]; Taylor, J . L. [Reprint author]; Blum, M. 

[Reprint author] 
CS Dept of Pharmacology, UTHSCSA, San Antonio, TX, USA 

SO society for Neuroscience Abstracts, (2001) Vol. 27, No. 1, pp. 344. print. 

Meeting Info.: 31st Annual Meeting of the Society for Neuroscience. San 

Diego, California, USA. November 10-15, 2001. 

ISSN: 0190-5295. 
DT Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 17 Oct 2001 

Last updated on STN: 23 Feb 2002 
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TI Astrocytic remodeling of the cytoskeleton and chromatin, induced under 

serum withdrawal by pleiotropic growth factors - ***egf*** , bFGF, and 
insulin. 

AU Kukekov, v. g. [Reprint author]; Ignatova, T. N. [Reprint author]; 

steindler, D. A. [Reprint author] 
cs Dept. of Neuroscience, McKnight Brain institute, Univ. of Florida, 

Gainesville, FL, USA 
so Society for Neuroscience Abstracts, (2001) Vol. 27, No. 1, pp. 342. print. 

Meeting Info.: 31st Annual Meeting of the Society for Neuroscience. San 

Diego, California, USA. November 10-15, 2001. 

ISSN: 0190-5295. 
DT conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 17 Oct 2001 

Last Updated on STN: 23 Feb 2002 
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AN 2001:756085 CAPLUS 
DN 136:83267 

TI Study on biological properties of neural stem cells from embryonic rat 
hippocampus 

AU Liu, Hui ; Yang, shuyuan; Gao, Yongzhong; Zhang, Jianning; Zhang, Wenzhi 
cs Department of Neurosurgery, General Hospital, Tianjin Medical university, 

Tianjin, 300052, Peop. Rep. China 
so zhongguo shenjing Jingshen Jibing Zazhi (2001), 27(4), 273-275 

CODEN: ZSJZEH; ISSN: 1002-0152 
PB Zhongzhan Yike Daxue Qikan Zhongxin 
DT Journal 
LA Chinese 

L5 ANSWER 193 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 
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Tl Adult corneal epithelium as a potential source of neural progenitors. 
AU Ahmad, I. [Reprint author]; Zhao, X. [Reprint author] 
cs Ophthalmology, Nebraska Medical Center, Omaha, NE, USA 
so IOVS, (March 15, 2001) Vol. 42, No. 4, pp. S197. print. 

Meeting Info.: Annual Meeting of the Association for Research in Vision 
and ophthalmology. Fort Lauderdale, Florida, USA. April 29-May 04, 2001. 
DT Conference; (Meeting) 

conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 4 Jul 2001 

Last Updated on STN: 19 Feb 2002 
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Tl Skin-derived stem cells differentiate into multiple neural and non-neural 
cell types. 

AU Fernandes, K. J. L. [Reprint author]; McKenzie, I. A. [Reprint author]; 
Toma, 3. G. [Reprint author]; Kaplan, D. R. [Reprint author]; Miller, F. 
D. [Reprint author] 

CS Brain Tumor Res Center, Montreal Neurological Inst, Montreal, PQ, Canada 
so Society for Neuroscience Abstracts, (2001) Vol. 27, No. 1, pp. 57. print. 

Meeting Info.: 31st Annual Meeting of the Society for Neuroscience. san 

Diego, California, USA. November 10-15, 2001. 

ISSN: 0190-5295. 
DT Conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 17 Oct 2001 

Last Updated on STN: 23 Feb 2002 

L5 ANSWER 195 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 

DUPLICATE 37 
AN 2001 : 548600 BIOSIS 
DN PREV200100548600 

Tl -*** TGF *** -alpha induces a stationary, radial-glia like phenotype in 

cultured astrocytes. 
AU Zhou, Rixin; wu, Xiao; skalli, Omar [Reprint author] 

cs Department of Anatomy and Cell Biology, University of Illinois at Chicago, 
808 S. Wood street, Chicago, IL, 60612, USA 
oskalli@uic.edu 

SO Brain Research Bulletin, (September 1, 2001) Vol. 56, No. 1, pp. 37-42. 
print . 

CODEN: BRBUDU. ISSN: 0361-9230. 
DT Article 
LA English 

ED Entered STN: 21 Nov 2001 

Last Updated on STN: 25 Feb 2002 

L5 ANSWER 196 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 

AN 2001:361321 BIOSIS 
DN PREV200100361321 

Tl Generation of human dopaminergic CNS precursors: Impact on restorative 

therapy in Parkinson's disease. 
AU Storch, Alexander [Reprint author]; Meissner, Wassilios; Paul, Gesine; 

Boehm, Bernhardo.; Schwarz, Johannes 
cs Ulm, Germany 

so Neurology, (April 24, 2001) Vol. 56, No. 8 Supplement 3, pp. A7. print. 
Meeting Info.: 53rd Annual Meeting of the American Academy of Neurology. 
Philadelphia, PA, USA. May 05-11, 2001. American Academy of Neurology. 

CODEN: NEURAL ISSN: 0028-3878. 

DT conference; (Meeting) 

Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 2 Aug 2001 

Last Updated on STN: 19 Feb 2002 
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Tl Isolated and modified porcine cerebral cortical cells 

IN Dinsmore, Jonathan, Brookline, MA, United states 

PA Diacrin, inc., charlestown, MA, united states (U.S. corporation) 

PI US 6140116 20001031 

AI US 1995-551820 19951107 (8) 

RLI Continuation-in-part of Ser. No. US 1995-424856. filpH nn iq Anr iqck 
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TI Cultures of human CNS neural stem cells 

IN Carpenter, Melissa, Lincoln, RI, United States 

PA Cytotherapeutics , Inc., Lincoln, RI, United states (U.S. corporation) 

PI US 6103530 20000815 

AI US 1998-178035 19981023 (9) 

RLI Division of Ser. No. US 1997-926313, filed on 5 Sep 1997 
DT Utility 
FS Granted 
LN.CNT 835 

INCL INCLM : 435/405.000 

INCLS: 435/325.000; 435/368.000; 435/377.000; 435/384.000; 435/387.000; 
435/389.000; 435/404.000; 435/406.000 
NCL NCLM: 435/405.000 

NCLS: 435/325.000; 435/368.000; 435/377.000; 435/384.000; 435/387.000; 
435/389.000; 435/404.000; 435/406.000 

IC [7] 

ICM: C12N005-00 

EXF 435/325; 435/368; 435/377; 435/384; 435/387; 435/389; 435/404; 435/405; 
435/406 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AN 2000:70818 USPATFULL 

TI In vivo genetic modification of growth factor-responsive neural 

precursor cells 
IN Weiss, Samuel, Alberta, Canada 

Reynolds, Brent, Alberta, Canada 

Hammang, Joseph P., Barrington, RI, United states 

Baetge, E. Edward, Barrington, RI, United states 
PA Neurospheres Holdings Ltd., Calgary, Canada (non-U. s. corporation) 
PI US 6071889 20000606 
AI US 1995-479795 19950607 (8) 

RLI Continuation-in-part of Ser. No. US 1994-270412, filed on 5 Jul 1994, 
now abandoned And a continuation-in-part of Ser. No. US 1995-385404, 
filed on 7 Feb 1995, now abandoned And a continuation-in-part of ser. 
No. US 1994-359945, filed on 20 Dec 1994, now abandoned And a 
continuation-in-part of Ser. No. US 1995-376062, filed on 20 Jan 1995, 
now abandoned And a continuation-in-part of Ser. No. US 1993-149508, 
filed on 9 Nov 1993, now abandoned And a continuation-in-part of Ser. 
No. US 1994-311099, filed on 23 Sep 1994, now abandoned And a 
continuation-in-part of Ser. No. US 1994-338730, filed on 14 Nov 1994, 
now abandoned which is a continuation of Ser. No. US 1991-726812, filed 
on 8 Jul 1991, now abandoned , said Ser. No. US 1994-270412, filed on 5 
Jul 1994, now abandoned which is a continuation of Ser. No. US 

1991- 726812, filed on 8 Jul 1991, now abandoned , said Ser. No. US 
1995-385404, filed on 7 Feb 1995, now abandoned which is a continuation 
of ser. no. us 1992-961813, filed on 16 Oct 1992, now abandoned which is 
a continuation-in-part of Ser. No. US 1991-726812, filed on 8 Jul 1991, 
now abandoned , said Ser. No. us 1994-359945, filed on 20 Dec 1994, now 
abandoned which is a continuation of Ser. No. US 1994-221655, filed on 1 
Apr 1994, now abandoned which is a continuation of ser. No. us 

1992- 967622, filed on 28 Oct 1992, now abandoned which is a 
continuation-in-part of Ser. No. US 1991-726812, filed on 8 Jul 1991, 
now abandoned , said Ser. No. US 1995-376062, filed on 20 Jan 1995, now 
abandoned which is a continuation of ser. No. us 1993-10829, filed on 29 
Jan 1993, now abandoned which is a continuation-in-part of Ser. No. US 
1991-726812, filed on 8 Jul 1991, now abandoned , said Ser. No. US 

1993- 149508, filed on 9 Nov 1993, now abandoned which is a 
continuation-in-part of Ser. No. US 1991-726812, filed on 8 Jul 1991, 

now abandoned <=aid Ser. No. us 1QQ4-^1inQQ -FtJpH nn ?3 1QQA nnw 



filed on 8 Jul 1991, now abandoned 
DT Utility 
FS Granted 

LN.CNT 4261 

INCL INCLM : 514/044.000 

INCLS: 424/093.100; 424/093.200; 424/093.210; 435/440.000; 435/455.000 
NCL NCLM : 514/044.000 

NCLS: 424/093.100; 424/093.200; 424/093.210; 435/440.000; 435/455.000 
IC [7] 

ICM: A61K035-00 

ICS: A61K048-00 

EXF 514/44; 514/2; 536/23.1; 424/93.1; 424/93.2; 424/93.21; 435/455; 435/440 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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Tl Method for production of neuroblasts 

IN Gage, Fred H., La Jolla, CA, united States 

Ray, Jasodhara, San Diego, CA, United States 
PA The Regents of the university of California, Oakland, CA, United States 

(U.S . corporation) 
PI US 6045807 20000404 
AI US 1998-95769 19980610 (9) 

RLI Division of ser. No. US 1993-147843, filed on 3 Nov 1993, now patented, 
Pat. No. us 5766948 which is a continuation-in-part of Ser. No. US 
1993-1543, filed on 6 Jan 1993, now abandoned 

DT utility 

FS Granted 

LN.CNT 1577 

INCL INCLM : 424/368.000 

INCLS: 435/325.000; 435/366.000; 435/395.000; 435/402.000; 435/404.000; 
424/093.700; 536/023.100 
NCL NCLM: 424/093.210 

NCLS: 424/093.700; 435/325.000; 435/366.000; 435/395.000; 435/402.000; 
435/404.000; 536/023.100 

IC [7] 

ICM: C12N005-08 

EXF 424/93.7; 435/325; 435/368; 435/395; 435/402; 435/404; 536/23.1 

L5 ANSWER 201 OF 269 US PAT FULL on STN 
AN 2000:34426 US PAT FULL 

Tl in vitro generation of differentiated neurons from cultures of mammalian 

multi potential CNS stem cells 
IN Johe, Karl K. , Potomac, MD, united States 

PA Neuralstem Biopharmaceuticals , Ltd., College Park, MD, United states 

(U.S. corporation) 
PI US 6040180 20000321 
AI US 1997-919580 19970507 (8) 

RLI Continuation-in-part of Ser. No. US 1996-719450, filed on 25 Sep 1996, 

now patented, Pat. No. US 5753506 
PRAI US 1996-18206P 19960523 (60) 

DT Utility 
FS Granted 
LN.CNT 2187 

INCL INCLM: 435/377.000 

INCLS: 435/325.000; 435/368.000; 435/353.000 
NCL NCLM: 435/377.000 

NCLS: 435/325.000; 435/353.000; 435/368.000 
IC [7] 

ICM: C12N005-06 

EXF 435/325; 435/375; 435/377; 435/347; 435/352; 435/363; 435/366; 435/368 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AN 2000:27802 USPATFULL 

Tl Methods for differentiating neural stem cells to glial cells using 
neuregul ins 

IN Anderson, David J., Altadena, CA, United states 

PA California Institute of Technology, Pasadena, CA, United States (U.S. 

corporation) 
PI US 6033906 20000307 
AI US 1995-372329 19950506 (8) 

RLI Continuation-in-part of Ser. No. US 1994-188285, filed on 28 Jan 1994, 
now abandoned which is a continuation-in-part of Ser. No. wo 
1993-US7000, filed on 26 Jul 1993 



FS Granted 
LN.CNT 2116 

INCL INCLM: 435/325.000 

INCLS: 435/353.000; 435/368.000 
NCL NCLM : 435/325.000 

NCLS: 435/353.000; 435/368.000 
IC [7] 

ICM: C12N005-00 
EXF 435/240.2; 435/325; 435/368; 435/353 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AN 2000:18280 USPATFULL 

Tl Nucleic acid sequence of senescence asssociated gene 

IN Funk, Walter, Hayward, CA, United states 

PA Geron Corporation, Menlo Park, CA, united states (U.S. corporation) 

PI US 6025194 20000215 

AI US 1997-974180 19971119 (8) 

DT Utility 

FS Granted 

LN.CNT 4667 

INCL INCLM: 435/320.100 

INCLS: 536/023.100; 536/023.500; 536/024.100; 435/320.100; 435/325.000 
NCL NCLM: 435/320.100 

NCLS: 435/325.000; 536/023.100; 536/023.500; 536/024.100 
IC [7] 

ICM : C07H021-04 

ICS: C12N015-63; C12N015-85; C12N015-11 
EXF 536/23.5; 536/23.1; 536/24.1; 435/320.1; 435/325 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AN 2000:12660 USPATFULL 

Tl Method for production of neuroblasts 

IN Gage, Fred H., La Jolla, CA, United states 

Ray, Jasodhara, San Diego, CA, United states 
PA The Regents of the University of California, Oakland, CA, United states 

(U.S. corpo rati on) 
PI US 6020197 20000201 
AI US 1998-65883 19980424 (9) 

RLI Division of Ser. No. us 1993-147843, filed on 3 Nov 1993, now patented, 
Pat. No. US 5766948 which is a continuation-in-part of ser. No. us 
1993-1543, filed on 6 Jan 1993, now abandoned 

DT Utility 

FS Granted 

LN.CNT 1540 

INCL INCLM: 435/368.000 

INCLS: 435/325.000; 435/366.000; 435/395.000; 435/402.000; 435/404.000 
NCL NCLM : 435/368.000 

NCLS: 435/325.000; 435/366.000; 435/395.000; 435/402.000; 435/404.000 
IC [6] 

ICM: C12N005-00 

EXF 435/325; 435/368; 435/395; 435/405; 435/402; 435/404; 536/23.1 
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AN 2000:4684 USPATFULL 

Tl Method for production of neuroblasts 

IN Gage, Fred H., La Jolla, CA, United States 

Ray, Jasodhara, San Diego, CA, united States 
PA university of California, Oakland, CA, united States (U.S. corporation) 
PI US 6013521 20000111 
AI US 1998-65858 19980424 (9) 

RLI Division of ser. No. US 1993-147843, filed on 3 Nov 1993, now patented, 
Pat. No. US 5766948 which is a continuation-in-part of Ser. No. us 
1993-1543, filed on 6 Jan 1993, now abandoned 

DT utility 

FS Granted 

LN.CNT 1548 

INCL INCLM : 435/368.000 

INCLS: 435/363.000; 435/366.000; 435/384.000; 435/387.000; 435/405.000; 
435/406.000; 435/325.000; 435/395.000; 435/402.000; 536/023.100 
NCL NCLM: 435/368.000 

NCLS: 435/325.000; 435/363.000; 435/366.000; 435/384.000; 435/387.000; 
435/395.000; 435/402.000; 435/405.000; 435/406.000; 536/023.100 

IC [6] 
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TI Cytomegalovirus infection of the central nervous system stem cells from 
mouse embryo: A model for developmental brain disorders induced by 
cytomegal ovi r us . 

AU Kosugi, isao [Reprint author]; Shinmura, Yuichiro; Kawasaki, Hideya; Arai , 
Yoshifumi; Li, Ren-Yong; Baba, satoshi ; Tsutsui , Yoshihiro 

CS Second Department of Pathology, Hamamatsu University School of Medicine, 
3600 Handa-cho, Hamamatsu, 431-3192, Japan 

SO Laboratory Investigation, (September, 2000) Vol. 80, No. 9, pp. 1373-1383. 
print. 

CODEN: LAINAW. ISSN: 002 3-6837. 
DT Article 
LA English 

ED Entered STN: 1 Nov 2000 

Last updated on STN: 10 Jan 2002 
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AN 2000287379 EMBASE 

TI Epidermal growth factor and fibroblast growth factor 2 cause proliferation 

of ependymal precursor cells in the adult rat spinal cord in vivo. 
AU Kojima A.; Tator C.H. 

CS Dr. C.H. Tator, Toronto Western Hospital, MP 2-435, 399 Bathurst St., 

Toronto, ont. M5T 2s8, Canada 
SO Journal of Neuropathology and Experimental Neuroloqy, (2000) 59/8 

(687-697). 

Refs: 52 

ISSN: 0022-3069 CODEN: JNENAD 
CY United States 
DT Journal; Article 
FS 008 Neurology and Neurosurgery 

021 Developmental Biology and Teratology 
LA English 
SL English 
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TI In vitro and in vivo characterization of neural cells derived from 

mesenchymal stem cells. 
AU Reyes, Morayma; Verfaillie, Catherine M. 

SO Blood, (November 16, 2000) Vol. 96, No. 11 Part 1, pp. 494a. print. 

Meeting Info. : 42nd Annual Meeting of the American Society of Hematology. 
San Francisco, California, USA. December 01-05, 2000. American society of 
Hematology. 

CODEN: BLOOAW. ISSN: 0006-4971. 
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Conference; Abstract; (Meeting Abstract) 
LA English 

ED Entered STN: 27 Jun 2001 
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DUPLICATE 40 
AN 2000:114156 BIOSIS 
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TI *** TGF *** -alpha differentially regulates *** GFAP *** f vimentin, and 

***nestin*** gene expression in u-373 MG glioblastoma cells: Correlation 
with cell shape and motility. 
AU Zhou, Rixin; Skalli, Omar [Reprint author] 

CS Department of Anatomy and Cell Biology, University of Illinois at Chicaqo, 

808 s. Wood Street, M/C 512, Chicago, IL, 60612, USA 
SO Experimental Cell Research, (Feb. 1, 2000) Vol. 254, No. 2, pp. 269-278. 

print. 
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DT Article 
LA English 

ED Entered STN: 29 Mar 2000 

Last Updated on STN: 3 Jan 2002 
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DUPLICATE 41 
AN 2000:404499 BIOSIS 
DN PREV200000404499 

TI Adult bone marrow stromal cells differentiate into neural cells in vitro. 

AU Sanchez-Ramos, J. [Reprint author]; Song, s. [Reprint author]; 

Cardozo-Pelaez, F. [Reprint author]; Hazzi , c.; Stedeford, T. ; Willing, 
A.; Freeman, T. B . ; Saporta, S.; Janssen, W. ; Patel , N. ; Cooper, D. R.; 
Sanberg, P. R. 

CS Department of Neurology, University of South Florida, Tampa, FL, USA 
SO Experimental Neurology, (August, 2000) Vol. 164, No. 2, pp. 247-256. 
print. 

CODEN: EXNEAC . ISSN: 0014-4886. 
DT Article 
LA English 

ED Entered STN: 20 Sep 2000 

Last Updated on STN: 8 Jan 2002 
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DUPLICATE 42 
AN 2000:372775 BIOSIS 
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TI Long-term, ***egf*** -stimulated cultures of attached ***gfap*** 
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RLI Continuation-in-part of ser. No. US 1994-270412, filed on 5 Jul 1994, 

now abandoned which is a continuation of Ser. No. US 1991-726812, filed 
on 8 Jul 1991, now abandoned And a continuation-in-part of Ser. No. us 
1995-385404, filed on 7 Feb 1995, now abandoned which is a continuation 
of ser. No. US 1992-961813, filed on 16 Oct 1992, now abandoned which is 
a continuation-in-part of Ser. No. US 726812 And Ser. No. US 
1994-359945, filed on 20 Dec 1994, now abandoned which is a continuation 
of ser. No. us 1994-221655, filed on 1 Apr 1994, now abandoned which is 
a continuation of Ser. No. us 1992-967622, filed on 28 Oct 1992, now 
abandoned which is a continuation-in-part of Ser. No. us 1991-726812, 
filed on 8 Jul 1991, now abandoned And ser. No. us 1995-376062, filed on 
20 Jan 1995, now abandoned which is a continuation of ser. No. US 
1993-10829, filed on 29 Jan 1993, now abandoned which is a 
continuation-in-part of Ser. No. US 726812 And Ser. No. US 1993-149508, 
filed on 9 Nov 1993, now abandoned which is a continuation-in-part of 
Ser. No. US 726812 And Ser. No. US 1994-311099, filed on 23 Sep 1994, 
now abandoned which is a continuation-in-part of ser. No. US 726812 And 
Ser. No. US 1994-338730, filed on 14 Nov 1994, now abandoned which is a 
continuation-in-part of Ser. No. US 726812 

DT Utility 

fs Granted 

LN.CNT 4487 

INCL INCLM: 435/368.000 

INCLS: 435/325.000; 435/366.000; 435/383.000; 435/384.000 
NCL NCLM: 435/368.000 

NCLS: 435/325.000; 435/366.000; 435/377.000; 435/383.000; 435/384.000 
IC [6] 

ICM: C12N005-06 

ICS: C12N005-08; C12N005-02 
EXF 435/240.2; 435/325; 435/366; 435/368; 435/377; 435/383; 435/384 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 237 OF 269 USPATFULL on STN 

AN 1998:157163 USPATFULL 

TI Mammalian multipotent neural stem cells 

IN Anderson, David J., Altadena, CA, United states 



PA California Institute of Technology, Pasadena, CA, United states (U.S. 

corporation) 
PI US 5849553 19981215 
AI US 1995-485612 19950607 (8) 

RLI Continuation-in-part of ser. No. US 1994-188286, filed on 28 Jan 1994, 
now patented, Pat. no. US 5654183 which is a continuation-in-part of 
Ser. No. US 1992-969088, filed on 29 Oct 1992, now abandoned which is a 
continuation-in-part of Ser. No. US 1992-920617, filed on 27 Jul 1992, 
now abandoned 

DT Utility 

FS Granted 

LN.CNT 3072 

INCL INCLM : 435/172.300 

INCLS: 435/069.100; 435/320.100; 435/325.000; 435/353.000 
NCL NCLM : 435/467.000 

NCLS: 435/069.100; 435/320.100; 435/325.000; 435/353.000; 435/368.000: 
435/455.000; 435/462.000 

IC [6] 

ICM: C12N015-85 

ICS: C12N015-09 
EXF 435/69.1; 435/172.3; 435/320.1; 435/325; 435/353 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 238 OF 269 US PAT FULL on STN 
AN 1998:150454 US PAT FULL 

TI Controlling proliferation of cells before and after encapsulation in a 

bioartificial organ by gene transformation 
IN Schinstine, Malcolm, Ben Salem, PA, United states 

shoichet, Molly s., Toronto, Canada 

Gentile, Frank T. , Warwick, Rl, United states 

Hammang, Joseph P., Barrington, RI, United states 

Holland, Laura M., Horsham, PA, United states 

Cain, Brian M., Everett, MA, United states 

Doherty, Edward J., Mansfield, MA, united states 

Winn, Shelley R., smithfield, RI, United states 

Aebischer, Patrick, Lut ry, Switzerland 
PA CytoTherapeutics , Inc., United states (U.S. corporation) 
PI US 5843431 19981201 
AI US 1995-432698 19950509 (8) 

RLI Continuation-in-part of ser. No. us 1994-279773, filed on 20 Jul 1994 
DT utility 
FS Granted 
LN.CNT 2352 

INCL INCLM : 424/093.210 

INCLS: 435/172.300; 435/174.000; 435/178.000; 435/377.000; 435/382.000; 
435/395.000; 424/093.700; 424/422.000 
NCL NCLM: 424/093.210 

NCLS: 424/093.700; 424/422.000; 435/174.000; 435/178.000; 435/377.000; 
435/382.000; 435/395.000; 435/467.000 

IC [6] 

ICM: A61K048-00 

ICS: C12N011-00; C12N005-00; C12N011-10 
EXF 435/174; 435/178; 435/172.3; 435/240.7; 435/240.22; 435/240.23; 

435/240.24; 435/240.241; 435/240.242; 435/240.243; 435/377; 435/382; 

435/395; 424/93.21; 424/93.7; 424/422 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 239 OF 269 USPATFULL on STN 
AN 1998:147298 USPATFULL 

TI Methods and compositions of growth control for cells encapsulated within 

bioartificial organs 
IN schinstine, Malcolm, Ben Salem, PA, United states 

shoichet, Molly s., Toronto, Canada 

Gentile, Frank T., Warwick, RI, United states 

Hammang, Joseph P., Barrington, RI, United states 

Holland, Laura M., Horsham, PA, United states 

Cain, Brian M., Everett, MA, United states 

Doherty, Edward J., Mansfield, MA, United States 

Winn, Shelley R., Smithfield, RI, United states 

Aebischer, Patrick, Lutry, Switzerland 
PA CytoTherapeutics, Inc., united states (U.S. corporation) 
PI US 5840576 19981124 
AI US 1995-445193 19950523 (8) 

RLI Division of ser. No. us 1995-432698, filed on 9 May 1995 which is a 

continuation-in-part of ser. No. us 1994-279773. filed on 70 ml iQQd 



FS Granted 
LN.CNT 2293 

INCL INCLM: 435/325.000 

INCLS: 435/375,000; 435/377.000; 435/400.000 

NCL NCLM : 435/325.000 

NCLS: 435/375.000; 435/377.000; 435/400.000 
IC [6] 

ICM: C12N005-00 

EXF 435/240.2; 435/240.22; 435/240.23; 435/240.242; 435/240.243; 435/325; 

435/375; 435/377; 435/400 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 240 OF 269 USPATFULL on STN 
AN 1998:138431 USPATFULL 

TI Methods and compositions of growth control for cells encapsulated within 

bioartificial organs 
IN Schinstine, Malcolm, Ben Salem, PA, United states 

Shoichet, Molly s., Toronto, Canada 

Gentile, Frank T. , Warwick, Rl, United states 

Hammang, Joseph P., Barrington, Rl, United States 

Holland, Laura M. , Horsham, PA, United states 

Cain, Brian M., Everett, MA, united states 

Doherty, Edward J., Mansfield, MA, United states 

Winn, Shelley R., smithfield, Rl, united states 

Aebischer, Patrick, Lutry, Switzerland 
PA CytoTherapeutics, Inc., Lincoln, Rl, United states (U.S. corporation) 
PI US 5833979 19981110 
AI US 1995-447771 19950523 (8) 

RLI Division of Ser. No. us 1995-432698, filed on 9 May 1995 which is a 

continuation-in-part of ser. No. US 1994-279773, filed on 20 Jul 1994 
DT Utility 
fs Granted 
LN.CNT 2266 

INCL INCLM : 424/093.210 

INCLS: 424/553.000; 424/556.000; 435/174.000; 435/352.000 
NCL NCLM : 424/093.210 

NCLS: 424/553.000; 424/556.000; 435/174.000; 435/352.000 
IC [6] 

ICM: A01N063-00 

EXF 435/240; 435/243; 435/174; 435/352; 424/93.21; 424/553; 424/556 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 241 OF 269 USPATFULL on STN 
AN 1998:98815 USPATFULL 

TI Method for controlling proliferation and differentiation of cells 

encapsulated within bioartificial organs 
IN Schinstine, Malcolm, Ben Salem, PA, United states 

Shoichet, Molly s., Toronto, Canada 

Gentile, Frank T. , Warwick, Rl, united States 

Hammang, Joseph P., Barrington, Rl, United states 

Holland, Laura M., Horsham, pa, United states 

Cain, Brian M., Everett, MA, united States 

Doherty, Edward J., Mansfield, MA, United States 

Winn, Shelley R., smithfield, Rl, United States 

Aebischer, Patrick, Lutry, Switzerland 
PA cytotherapeutics, Inc., Lincoln, Rl, United states (U.S. corporation) 
PI US 5795790 19980818 
AI US 1995-448201 19950523 (8) 

RLI Division of ser. No. us 1995-432698, filed on 9 May 1995 which is a 

continuation-in-part of ser. No. us 1994-279773, filed on 20 Jul 1994 
DT Utility 

FS Granted 
LN.CNT 2311 

INCL INCLM: 435/382.000 

INCLS: 424/093.700; 435/177.000; 435/178.000; 435/180.000; 435/182.000 
NCL NCLM: 435/382.000 

NCLS: 424/093.700; 435/177.000; 435/178.000; 435/180.000; 435/182.000 
IC L6J 

ICM : C12N005-00 

ICS: C12N011-02; C12N011-04; A61K035-12 
EXF 5^ 177; 435 /178; 435/240.7; 435/240.22; 435/240.23; 435/240.24; 

435/240.241; 435/240.242; 435/240.243; 435/180; 435/182; 424/93!7 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L5 ANSWER 242 OF 269 USPATFULL on STN 



TI Method for controlling the distribution of cells within a bioartificial 

orqan using polyethylene oxide-poly (dimethylsiloxane) copolymer 
IN Schinstine, Malcolm, Bensalem, PA, United states 

Shoichet, Molly s., Toronto, Canada 

Gentile, Frank T. , Warwick, RI, United states 

Hammang, Joseph P., Barrington, RI, United states 

Holland, Laura M., Horsham, PA, United States 

Cain, Brian M., Everett, MA, United States 

Doherty, Edward J., Mansfield, MA, United states 

Winn, Shelley R., Smithfield, RI, United States 

Aebischer, Patrick, Lutry, Switzerland 
PA Cytotherapeutics, Inc., United States (U.S. corporation) 
PI US 5776747 19980707 
AI US 1995-447778 19950523 (8) 

RLI Division of Ser. No. US 1995-432692, filed on 9 May 1995 

continuation-in-part of Ser. No. US 1994-279973, filed on 20 Jul 1994 
DT utility 
FS Granted 

LN.CNT 2264 

INCL INCLM: 435/177.000 

INCLS: 435/180.000; 435/181.000; 435/182.000 
NCL NCLM: 435/177.000 

NCLS: 435/180.000; 435/181.000; 435/182.000 
IC [6] 

ICM: C12N011-02 

ICS: C12N011-08; C12N011-06; C12N011-04 
EXF 435/182; 435/177; 435/180; 435/181 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 243 OF 269 US PAT FULL on STN 
AN 1998:72446 US PAT FULL 

TI Regulatable retrovirus system for genetic modification of cells 
IN Gage, Fred H., La Jolla, CA, United states 

Ray, Jasodhara, San Diego, CA, United States 

Hoshimaru, Minoru, shiga-ken, Japan 
PA The Regents of the university of California, Oakland, CA, United states 

(U.S. corporati on) 
PI US 5770414 19980623 
AI US 1996-602203 19960220 (8) 

DT Utility 
FS Granted 
LN.CNT 1051 

INCL INCLM: 435/172.300 

INCLS: 435/320.100; 435/353.000; 435/357.000 
NCL NCLM: 435/456.000 

NCLS: 435/320.100; 435/353.000; 435/357.000 
IC [6] 

ICM: C12N015-00 

EXF 435/320.1; 435/69.1; 435/69.2; 435/172.1; 435/172.3; 435/353; 435/240.2; 
435/357; 935/22; 935/29; 935/32; 935/36; 935/41; 935/43; 935/57; 935/70 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 244 OF 269 US PAT FULL on STN 

AN 1998:68873 US PAT FULL 

TI Method for production of neuroblasts 

IN Gage, Fred H., La Jolla, CA, United States 

Ray, Jasodhara, San Diego, CA, United States 
PA The Regents of the university of California, Oakland, CA, United states 

(U.S. corporati on) 
PI US 5766948 19980616 
AI US 1993-147843 19931103 (8) 

RLI Continuation-in-part of Ser. No. US 1993-1543, filed on 6 Jan 1993, now 

abandoned 
DT Utility 
FS Granted 
LN.CNT 1536 

INCL INCLM: 435/368.000 

INCLS: 435/325.000; 435/366.000; 435/395.000; 435/402.000; 435/404.000 
NCL NCLM: 435/368.000 

NCLS: 435/325.000; 435/366.000; 435/395.000; 435/402.000; 435/404.000 
IC [6] 

ICM: C12N005-00 

EXF 4 AK 240 ' 2 ' 435/240.21; 435/240.23; 435/240.243; 435/240.3; 435/240.31; 
435/325; 435/366; 435/368; 435/404; 435/395; 435/402 



AN 1998:54752 USPATFULL 

TI Isolation propagation and directed differentiation of stem cells from 

embryonic and adult central nervous system of mammals 
IN Johe, Karl K., Potomac, MD , united states 

PA CNS Stem Cell Technology, inc., Bethesda, MD, United states (U.S. 

corporation) 
PI US 5753506 19980519 
AI US 1996-719450 19960925 (8) 

PRAI US 1996-18206P 19960523 (60) 

DT Utility 
FS Granted 
LN.CNT 1705 

INCL INCLM: 435/377.000 

INCLS: 435/325.000; 435/366.000; 435/368.000 
NCL NCLM : 435/377.000 

NCLS: 435/325.000; 435/366.000; 435/368.000 
IC [6] 

ICM: C12N005-08 

EXF 435/240.2; 435/240.21; 435/240.23; 435/240.1; 435/325; 435/347; 435/352; 
435/363; 435/366; 435/368; 435/375; 435/377 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 246 OF 269 USPATFULL on STN 
AN 1998:51459 USPATFULL 

TI in vitro growth and proliferation of genetically modified multipotent 

neural stem cells and their progeny 
IN Weiss, Samuel, Alberta, Canada 

Reynolds, Brent, Alberta, Canada 

Hammang, Joseph P., Barrington, RI, United States 

Baetge, E . Edward, Barrington, RI, United States 
PA NeuroSpheres Holdings Ltd., Calgary, Canada (non-U. s. corporation) 
PI US 5750376 19980512 
AI US 1995-483122 19950607 (8) 

RLI Continuation-in-part of ser. No. US 1994-270412, filed on 5 Jul 1994 

now abandoned Ser. No. ser. No. us 1995-385404, filed on 7 Feb 1995,'now 
abandoned ser. No. Ser. No. us 1994-359945, filed on 20 Dec 1994, now 
abandoned ser. No. Ser. No. US 1995-376062, filed on 20 Jan 1995, now 
abandoned Ser. No. Ser. No. US 1993-149508, filed on 9 Nov 1993, now 
abandoned Ser. No. Ser. No. US 1994-311099, filed on 23 Sep 1994, now 
abandoned And Ser. No. US 1994-338730, filed on 14 Nov 1994, now 
abandoned which is a continuation-in-part of Ser. No. us 1991-726812, 
filed on 8 Jul 1991, now abandoned , said ser. No. us 1995-385404, filed 
on 7 Feb 1995, now abandoned which is a continuation of Ser. No. us 

1992- 961813, filed on 16 Oct 1992, now abandoned which is a 
continuation-in-part of ser. No. us 1991-726812, filed on 8 Jul 1991 
now abandoned , said Ser. No. us 1994-359345, filed on 20 Dec 1994, now 
abandoned which is a continuation of Ser. No. us 1994-221655, filed on 1 
Apr 1994, now abandoned which is a continuation of Ser. No US 
1992 T 967622, filed on 28 Oct 1992, now abandoned which is a 
continuation-in-part of Ser. No. us 1991-726812, filed on 8 Jul 1991 
now abandoned , said Ser. No. us 1995-376062, filed on 20 Jan 1995, now 
abandoned which is a continuation of Ser. No. US 1993-10829, filed on 29 
Jan 1993, now abandoned which is a continuation-in-part of Ser. No US 
1991-726812, filed on 8 Jul 1991, now abandoned , said ser. No. US 
1994-270412, filed on 5 Jul 1994, now abandoned Ser. No. Ser. No US 

1993- 149508, filed on 9 Nov 1993, now abandoned And Ser. No. US 

1994- 311099, filed on 2 3 Sep 1994, now abandoned , each Ser. No. us 
which is a continuation-in-part of ser. No. us 1991-726812, filed on 8 
Jul 1991, now abandoned 

DT Utility 
fs Granted 
LN.CNT 4339 

INCL INCLM : 435/069.520 

INCLS: 435/069.100; 435/172.300; 435/325.000; 435/368.000; 435/377.000; 
435/384.000; 435/392.000; 435/395.000 
NCL NCLM: 435/069.520 

NCLS: 435/069.100; 435/325.000; 435/368.000; 435/377.000; 435/384.000; 

435/392.000; 435/395.000; 435/455.000; 435/456.000; 435/458.000 
435/461.000 

IC [6] 

ICM: C12N005-00 

ICS: C12N005-08; C12N005-10; C12P001-00 

EXF 4ii/isS ; 2 43t/39il 2 4i^/3ii /69 ■ 1 : 435/69 - 52 ; 435 / 325 ; 435 / 368 ; 435 /37 7; 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L5 ANSWER 247 OF 269 US PAT FULL on STN 
AN 1998:27764 US PAT FULL 

TI Tumor- or cell-specific herpes simplex virus replication 
IN Martuza, Robert L., chevy chase, MD, United states 

Rabkin, Samuel D., Bethesda, MD, united states 

Miyatake, shin-ichi, ohtsu, Japan 
PA Georgetown University, Washington, DC, United States (U.S. corporation) 
PI US 5728379 19980317 
AI US 1995-486147 19950607 (8) 

RLI Continuation-in-part of Ser. No. us 1994-264581, filed on 23 Jun 1994 
now patented, Pat. No. US 5585096 ' 
DT utility 
FS Granted 
LN.CNT 2532 

INCL INCLM: 424/093.200 

INCLS: 435/172.300; 435/320.100; 935/022.000; 935/032.000 
NCL NCLM : 424/093.200 

NCLS: 435/320.100; 435/456.000 
IC [6] 

ICM: A01N063-00 

ICS: A61K048-00; C12N015-00 
EXF 514/44; 435/172.3; 435/320.1; 424/93.2; 935/23; 935/32 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 248 OF 269 Elsevier BIOBASE COPYRIGHT 2004 Elsevier Science B V 
on STN 

AN 1999010644 ESBIOBASE 

TI A constitutively active epidermal growth factor receptor cooperates with 

disruption of G.sub.l cell-cycle arrest pathways to induce qlioma-like 

lesions in mice 
AU Holland E.C.; Hively W.P.; Depinho R.A.; Varmus H.E. 
CS E.c. Holland, Depts. of Neurosurgery/Mol ec . Gen., MD Anderson Cancer 

center, Houston, TX 77030, United states. 

E-mai 1 : ehol 1 andOnotes . mdacc . tmc . edu 
SO Genes and Development, (01 DEC 1998), 12/23 (3675-3685), 43 reference(s) 

CODEN: GEDEEP ISSN: 0890-9369 
DT Journal; Article 
CY united states 
LA English 
SL English 

L5 ANSWER 249 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 

DUPLICATE 45 
AN 1998:395165 BIOSIS 
DN PREV199800395165 

TI Establishment of an epidermal growth factor-dependent, multi potent neural 
precursor cell line. 

AU Nakagaito, Yumiko; Satoh, Motonobu; Kuno, Haruhiko; iwama, Toshi ; 

Takeuchi , Masao; Hakura, Akira; Yoshida, Touho [Reprint author] 
CS Inst. Fermentation Osaka, 2-17-85 Juso-honmachi , Yodoqawa-ku, Osaka 532 

Japan ' 

SO in vitro cellular and Developmental Biology Animal, (July-Auq., 1998) Vol 

34, No. 7, pp. 585-592. print. 

ISSN: 1071-2690. 
DT Article 
LA English 

ED Entered STN: 10 Sep 1998 

Last Updated on STN: 10 Sep 1998 

L5 ANSWER 250 OF 269 MEDLINE on STN 

AN 1999065740 MEDLINE 
DN PubMed ID: 9824552 

TI Long-term nonpassaged *** E gf*** -responsive neural precursor cells are 

stem cells. 
AU zhou F c; Chiang y H 

CS Department of Anatomy and Program of Medical Neurobiology, Indiana 

university School of Medicine, Indianapolis, ind, USA. 
NC R29 HD 30508 (NICHD) 

so wound repair and regeneration : official publication of the Wound Healinq 
Society [and] European Tissue Repair Society, (1998 Jul -Aug) 6 (4) 337-48 
Journal code: 9310939. ISSN: 1067-1927. y 

CY United States 

DT Journal; Article; (JOURNAL ARTICLE) 

LA English 

FS Priority Journals 



ED Entered STN: 19990128 

Last updated on STN: 20000303 
Entered Medline: 19990114 

L5 ANSWER 251 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 

DUPLICATE 46 
AN 1998:359018 BIOSIS 
DN PREV199800359018 

TI Incorporation and glial differentiation of mouse ***egf*** -responsive 
neural progenitor cells after transplantation into the embryonic rat 
brain . 

AU Winkler, christian [Reprint author]; Fricker, Rosemary A. [Reprint 
author]; Gates, Monte A. [Reprint author]; olsson, Martin [Reprint 
author]; Hammang, Joseph P.; Carpenter, Melissa K.; Biorklund, Anders 
[Reprint author] 

CS Dep. Physiol. Neurosci., Wallenberg Neurosci . cent., Lund Univ., s-22362 
Lund, Sweden 

so Molecular and cellular Neuroscience , (June, 1998) Vol. 11, No. 3, pp. 
99-116. print. 

CODEN: MOCNED. ISSN: 1044-7431. 
DT Article 
LA English 

ED Entered STN: 27 Aug 1998 

Last Updated on STN: 27 Aug 1998 

L5 ANSWER 252 OF 269 BIOSIS COPYRIGHT 2004 BIOLOGICAL ABSTRACTS INC. on STN 

DUPLICATE 47 
AN 1998:81741 BIOSIS 
DN PREV199800081741 

TI cell type-specific development of rodent central nervous system proqenitor 
cells in culture. 

AU Meltzer, Hal; Hatton, James D. ; U, Hoi sang [Reprint author] 

CS Division Neurosurgery 8893, Univ. Cal iforma-San Diego School Med., 200 

west Arbor Drive, San Diego, CA 92103-8893, USA 
so Journal of Neurosurgery, (Jan., 1998) Vol. 88, No. 1, pp. 93-98. print. 

CODEN: JONSAC. ISSN: 0022-3085. 
DT Article 
LA English 

ED Entered STN: 24 Feb 1998 

Last Updated on STN: 24 Feb 1998 



L5 ANSWER 253 OF 269 US PAT FULL on STN 

AN 97:112318 USPATFULL 

TI Neural chest stem cell assay 

IN Anderson, David J., Altadena, CA, United states 

stemple, Derek L., Newton, MA, United states 
PA California Institute of Technology, Pasadena, CA, United States (U.S. 

corporation) 
PI US 5693482 19971202 
AI US 1995-474506 19950607 (8) 

RLI Division of Ser. No. us 1994-188286, filed on 28 Jan 1994 which is a 
continuation-in-part of Ser. No. us 1992-969088, filed on 29 Oct 1992 
now abandoned which is a continuation-in-part of Ser. No us ' 
1992-920617, filed on 27 Jul 1992, now abandoned 

DT utility 

FS Granted 

LN.CNT 2114 

INCL INCLM : 435/029.000 

INCLS: 435/240.200 
NCL NCLM : 435/029.000 
IC [6] 

ICM: C12Q001-02 

ICS: C12N015-85 
EXF 435/29; 435/240.2; 435/172.1 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L5 ANSWER 254 OF 269 USPATFULL on STN 
AN 97:106979 USPATFULL 

TI Transgenic mouse cells expressing ts SV40 large T 
IN j at, Parmjit Singh, London, England 

Kioussis, Dimitris, London, England 

Noble, Mark David, Berkhamstead, England 
PA Ludwig Institute for Cancer Research, New York, NY, United States 

corporation) 
PI US 5688692 19971118 



RLI Continuation of Ser. No. us 1991-657809, filed on 20 Feb 1991, now 

abandoned 
PRAI GB 1990-3791 19900220 
DT Utility 
FS Granted 
LN.CNT 1984 

INCL INCLM : 435/354,000 

INCLS: 435/325.000; 435/377.000; 435/069.100; 800/002.000 
NCL NCLM : 435/354.000 

NCLS: 435/069.100; 435/325.000; 435/377.000 
IC [6] 

ICM: C12N005-00 

ICS: C12N015-00; C12P021-06 
EXF 800/2; 435/240.1 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

L5 ANSWER 255 OF 269 USPATFULL on STN 
AN 97:88884 USPATFULL 

TI Immoral ized neural crest stem cells and methods of making 
IN Anderson, David J., Altadena, CA, United states 

stemple, Derek L., Newton, MA, united States 
PA California Institute of Technology, Pasadena, CA, United states (U.S. 

corporation) 
PI US 5672499 19970930 
AI US 1995-478920 19950607 (8) 

RLI Division of Ser. No. us 1994-188286, filed on 28 Jan 1994 which is a 
continuation-in-part of Ser. No. us 1992-969088, filed on 29 Oct 1992, 
now abandoned which is a continuation-in-part of Ser. No. us 
1992-920617, filed on 27 Jul 1992, now abandoned 

DT Utility 

FS Granted 

LN.CNT 2112 

INCL INCLM: 435/240.400 

INCLS : 435/069.100; 435/172.300; 435/320.100 
NCL NCLM: 435/353.000 
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